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ABSTRACT 


The mechanics of growth and development of 
Polyporus adustus Fries are described in relation to 
its response to the natural environment. Basidiocarp 
development is influenced by the interrelated factors 
of temperature, moisture and light, with relative 
humidity being of paramount importance. Alterations 
of the humidity in the microenvironment during pri- 
mordial emergence and development, as well as its 
orientation on the wood surface, determine the ulti- 
mate physiognomy of the basidiocarp. 

These studies of development were carried 
out primarily on fresh material and the effects of the 
environment were determined at experimental sites in 
the field using continuously recording equipment 
where possible. Both naturally and artificially 
infected logs were placed at the sites. The method 
used to infect sound logs has been found to be valuable 
in observing the development of P. adustus from the 
first stages of vegetative growth. 

It has been found that the basidiocarp of 
P. adustus is a more complex structure than previously 
reported and three hyphal systems have been shown to 
exist. This polymorphic species exhibits a marked 
degree of adaptability to its environment and a 
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plasticity of formrrombectautismeze the contours’ of 
its substrate. A large portion of the rapidly form- 
ing basidiocarps develops into the hymenophore when 
considering the total mass of the fruit body, result- 
ing in the production of a large spore crop during 

a short period of time. 

Observations of the vegetative mycelium 
On various artificial media have shown marked hyphal 
differentiation. Hyphal growth and development, 
and asexual spore formation, under specific cultural 
conditions, are evaluated with respect to their use- 
fulness as criteria for classification and species 
identificiation. 

Vegetative growth, basidiocarp development 
and the adjustment of the fungus thallus to the 
environment are discussed in terms of establishing 
interrelationships between species and formulating 


a natural classification’ of the) Polyporaceaes 
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INTRODUCTION 


The Polyporaceae, encompassing a large, 
diverse group of fungi belonging to the Basidio- 
mycetes, have elicited considerable interest from 
mycologists. These fungi are primarily wood decay 
species and are, therefore, economically important. 
Their destruction of living trees, lumber and struc- 
tural timber has stimulated research in an attempt 
to characterize these fungi and gain an understanding 
of their growth processes. 

Much of the literature characterizing the 
Polyporaceae emphasizes the macroscopic features or 
hyphal structure of basidiocarps and cultural char- 
acters of the vegetative mycelium as criteria for 
identification of the various species. The research- 
ers of the 19th century were concerned mainly with 
taxonomic considerations and set up classification 
systems based on the gross morphology of the basidio- 
carp, creating artificial systems. This approach 
has given way to the investigation of microscopic 
characters of the basidiocarp and cultural studies 
of the vegetative mycelium as criteria used to 


characterize these fungi. In 1932, Corner first 
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published his work, introducing the concept that the 
basidiocarps of the Polyporaceae are composed of 
distinct "hyphal systems". Although Corner stated 
that this’ tine of investigation was not meant’ to’ be 
a new taxonomic system, it was used in just that 
way by Cunningham (1947, 1954, 1965) and the result 
was yet another artificial and incomplete system. 

The first extensive study of cultural 
characters of the vegetative mycelium was published 
by Nobles (1948, 1958b, 1965). Her work was based 
on the morphology of the vegetative mycelium; the 
Starting point of her° classification system was a 
determination of the presence or absence of extra- 
cellular“oxidases, forming the first major division 
de these fungi. This information was used in con- 
junction with available information on basidiocarp 
morphology, the type of rot occurring in the wood 
substratum and interfertility phenomena. 

Numerous other investigations are concerned 
with physiological aspects of these fungi such as 
light, temperature and moisture relations or with 
biochemical considerations. The vast majority of 
these studies have been carried out in strictly 
artificial environments without necessarily taking 


into consideration the fact that these organisms 
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develop abnormally under these conditions, or at 
least in a different manner than in their natural 
habitat. 

While such literature has contributed valu- 
able information characterizing the vegetative or 
reproductive phases of members of the Polyporaceae, 
few studies have been concerned with comprehensive 
investigations of the development of a basidiocarp 
from the vegetative mycelium in the natural substra- 
tum and in the natural environment. It was with the 
intention of contributing some information to this 
hneclected area of research, that this study, of sthe 
mechanics of growth and development of Polyporus 
adustus Fries, in relation to ae environment, has 
been carried out. This particular fungus was chosen 
for several reasons. P. adustus is a species of 
wide distribution and, therefore, many specimens were 
readily available for examination. It is a polymor- 
phic species which exhibits a marked plasticity of 
form, seeming to utilize the contours of its substrate 
in forming basidiocarps over a very brief period of 
time, a characteristic which 1s of interest when con- 
sidering the ability of some organisms to readily 
adapt to best insure their survival. Finally, and 


of practical importance, P. adustus was found to be 
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of common occurrence in Alberta and, therefore, pre- 
sented an opportunity to study the development of 
resupinate, effused-reflexed and imbricate basidio- 
carps as they form from the vegetative mycelium in 
the wood substratum, and their ees to their 
environment. 

The characterization of the vegetative 
mycelium of P. adustus under cultural conditions was 
another area that required further investigation. 
The descriptions published by earlier investigators 
appeared to be incomplete or conflicted with my 
observations made during preliminary studies. In 
order to resolve these discrepancies, an investiga- 
tion was carried out on the growth and development 
of the vegetative mycelium on eterna TeGee under 
strictly controlled conditions or selected physical 
conditions which had been studied in the field. 

This study has been carried out in three 
phases. The first phase was concerned with the 
growth of the vegetative mycelium in the wood sub- 
stratum, the subsequent formation of primordia and 
development of the different basidiocarp forms. The 
second phase, an investigation of the influence of 
the microhabitat on growth and morphogenesis, was 


carriec out in the field. The final phase was an 
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investigation of growth of the vegetative mycelium 
in culture with the objective of satisfactorially 
characterizing this stage of P. adustue. This 
investigation also involved an attempt to induce 
basidiocarp formation in an artificial microenviron- 
ment based on information gained from field studies. 
In order to Seine a complete and coherent 
-account from the somewhat diverse information gather- 
ed, this work will be presented in two major sections. 
The first is an account of the growth of the vegeta- 
tive mycelium and basidiocarp development in P. adus- 
tus. The second section is a compilation of data 
gathered on the influence of the microenvironment on 
growth and basidiocarp development. This section 
encompasses the results and observations made in the 
natural microhabitat, i.e., field studies, and those 
in the axrciLticial mMrcronapitat, 1.@., studies of the 
vegetative mycelium on artificial media and basidio- 
carp induction under artificially simulated conditions. 
The diverse observations and results from these sec- 
tions will be drawn together in the discussion to 
present a detailed picture of growth and development 
of Polyporus adustus and the influence of the environ- 


ment upon these processes. 
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LITERATURE REVIEW 


The Polyporaceae have been of interest to 
man for at least 2000 years. Lowe (1963) mentions 
investigations carried out by Dioscorides (Greek 
surgeon in the Roman army, 54-68 A.D.) on the medical 
uses of "the quinine fungus, Fomes officinalis" in 
his work on medical botany. Sixteen centuries later, 
in 1675, Steerbeck published his THEATRUM FUNGORUM, 
the first book exclusively concerned with fungi. 
Following the appearance of this work came the treat- 
ises of Linnaeus and the invaluable taxonomic studies 
of Persoon and Fries. This was a period devoted to 
bringing some order to this diverse group of organ- 
isms which were eee ek nied and classified on the 
basis of gross morphology. In the past 200 years, 

a number of classification systems for the Polypor- 
aceae, based on macroscopic characters, anatomical 
studies of the basidiocarp and cultural characters 

of the vegetative mycelium, have been devised. 
Taxonomic studies have resulted in the characteriza- 
tion of many members of the Polyporaceae, but these 
descriptions present a static picture based primarily 


on morphological features of the mature basidiocarp. 
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Hartig (1878) was one of the first investi- 
gators to describe in detail the action of polypore 
fungi upon wood and to point out their economic 
importance as wood-decay organisms. His work stimu- 
lated many workers to study the biology of these 
fungi. Buller (1906, 1909) investigated the develop- 
ment of Polyporus squamosus from the vegetative 
stage in wood through the development of basidio- 
carps. These studies involved attempts to inoculate 
sound living trees with spores from this wound para- 
Site, but he did not appear to be concerned with 
observing the progress of decay in the trees or the 
processes leading to basidiocarp development. Buller 
found that the stine and pileus development of P. 
Squamosus were dependant upon light. Developing 
basidiocarps, when placed in the dark "grew into 
branched deerhorn-like structures, a foot in length, 
without any formation of pilei....[but pilei] formed 
when...exposed to light". He also found that the 
pileus becomes oriented horizontally and that the 
pores were positively geotropic. Buller evidently 
realized the influence of the environment on growth 
and morphogenesis, but did not present any data on 


these parameters. 
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Rhoads (1918) studied the macroscopic and 
microscopic aspects of development of Polyporus 
pargamenus. He studied the development of the diff- 
erent regions of the basidiocarp and described the 
spore characters in great detail. The cultural char- 
acteristics of the vegetative mycelium, grown from 
spore inoculum, were also examined. The germination 
mycelium, which lacked clamps, was termed "primary" 
and the clamped mycelium, "secondary". The termino- 
logy, which is now considered inaccurate from a 
developmental standpoint, appears to be that used by 
Falck (1909). Rhoads described the secondary mycel- 
ial system as consisting of "an intricately branched 
network of hyphae comprising both large hyphae with 
distinct thin walls, and hyphae of smaller diameter, 
formed by the repeated branching of the larger ones". 
The production and structure of asexual spores, oidia 
and oh lat asa sobs sedwice stressed more than was hyphal 
development. Rhoads also mentioned the influence of 
the environment on morphogenesis. Primordia of 
P. pargamenus were found to develop into imbricate 
basidiocarps only when exposed to light. Primordia 
which were covered and received no light reverted to 
a fluffy vegetative mycelium. The effects of mois- 


ture on basidiocarp viability were also investi- 
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gated. These studies of the effect of Fer ieornenta 
factors were based on evidence from observations of 
basidiocarp development. A similar study was carried 
out by Bayliss (1908) on Polyporus (Polysttctus) 
verstcolor. She made the observation that the pileus 
zonation is due te temporary cessation of growth in 
periods of decreased humidity occurring during develop- 
ment. When basidiocarps, growing in the field, were 
kept under conditions of high humidity by placing a 
basidiocarp-bearing branch partially in water and 
covering with a bell jar, hardly any zonation was 
evident. If the bell jar was removed for even an 
hour, the reduced humidity resulted in zone forma- 
tions iLt.was,also noted, that, the, coloring of ‘the 
pileus is affected by light. Basidiocarps grown in 
the laboratory in diffuse. light were pale buff in 
color, while those exposed to light became darker 
brown. The combined factors of light and humidity 
gave the basidiocarp its characteristic multicolored 
zones. 

In 1932 Corner began his studies of the 
Polyporaceae with a detailed description of Poly-. 
sttetus xanthopus. This basidiocarp was found to 
consist of four distinct systems of differentiated 


hyphae termed generative, skeletal, binding and 
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mediate, which differed "in thickness of wall, in 
Manner of septation or branching, or in size...and 
each kind forms a system distinguished...by a common 
function" (Corner, 1932a). Generative hyphae were 
thin-walled, branched, longitudinal or interwoven 

and with clamp connections. Skeletal hyphae were 
described as "thick-walled, unbranched, aseptate, 
Straignt or-slightly flexuous, longitudinal ...with 
the lumen more or less obliterated in mature parts, 
but the apices thin-walled with dense contents". 
Binding hyphae had thick walls which obliterated the 
lumen in mature parts, were profusely branched, 
aseptate, narrow and interwoven. Mediate hyphae had 
slightly thickened walls, were sparingly or frequent- 
ly branched, aseptate, flexuous and contained little 
cytoplasm. Corner further distinguished the "mycel- 
ial hyphae" which connected the basidiocarp with the 
substratum. Mediate and mycelial hyphae were not 
mentioned in Corner's later work (1953). The genera-~ 
tive hyphae give rise to the other hyphal types and 
to the hymenium. The skeletal hyphae form the frame- 
work of the stipe and pileus. These hyphae are held 
together by the binding hyphae. Corner's study of 

P. xanthopus, in which he first presented his concept 


of hyphal systems, was followed by a study (1932b) of 
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the developmental morphology of Fomes levigatus and 
several related species having a brown, woody context. 
The construction of the developing basidiocarps in- 
volved the generative and skeletal hyphal systems. 

A comparison between F. Levigatus and P. xanthopus 
was made on the basis of basidiocarp development, as 
well as construction. While it was observed that 
"the growing point of the primordium in P. xanthopus 
is positively phototropic and becomes diageotropic 
at a later stage after the formation of the pileus", 
F. levigatus was only "diageotropic". In both cases 
the hyphae emerging from the wood substratum were at 
first insensitive to these external stimuli and 
formed undifferentiated primordia. In 1953, Corner 
proposed that the polypores could be characterized 
by the construction of their basidiocarps. He sug- 
gested that there are three major kinds of basidio- 
carp construction existing in the polypores, termed 
monomitic, dimitic and trimitic, which have one, two 
and three systems of hyphae, respectively. A mono- 
mitic basidiocarp consists solely of generative 
hyphae. Two types of dimitic basidiocarps were 
distinguished; those consisting of generative and 
skeletal hyphae, and of generative and binding hyphae. 


Trimitic basidiocarps consist of all three hyphal 
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Eypes.”" Cunningham (1947, 2954," 1965)" utilized Corner's 
method of describing the construction of polypore 
basidiocarps as a basis for his classification sys- 
tem for the Polyporaceae. 

Characterization of the vegetative mycelium 
of wood-decay fungi in culture was an area of mycolo- 
gical research which received little attention until 
Long and wateen (1918) published their work dealing 
With identrtication~of various fungi by their™-culttral 
characters on ten different artificial media. The 
media were selected to promote the development of 
specific characters in order to differentiate close- 
ly related species. In addition, attempts were made 
to induce basidiocarp formation in culture on agar 
slants of the different artificial media. They found 
light to be a necessary factor in basidiocarp initia- 
tion and stated that "aeration and humidity are two 
other factors which also enter into Sporophore pro- 
duction onfartificial*media*. ~The composi tion’ of 
the medium aeteene tered to be of minimal importance 
in basidiocarp BbJatosieitt Although basidiocarps 
of some species were induced to form, it was noted 
that not one polypore developed Gubyoscal pileus. 

Davidson, Campbell and Blaisdell (1938) 


used Bavendamm's (1928) method of growing wood-decay 
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fungi, On media containing gallic or tannic acid. 
They characterized over 200 species on the basis of 
their vegetative growth and the presence or absence 
of a dark brown diffusion zone forming under mycel- 
ial mats resulting from oxidation of the acid in the 
medium. This reaction indicated whether or not a 
wood-decay fungus produced extracellular oxidases. 
Generally, fungi associated with brown rots (80%) 
“gave a negative reaction, those with white rots (96%) 
a positive reaction. 

Nobles was the first investigator to incor— 
porate the observations made by earlier workers and 
those made personally to formulate a system for the 
identification of wood-destroying fungi on the basis 
of their cultural characters. In 1948 she published 
her key for the identification of these fungi based 
on host relationships, mycelial pigmentation, color 
changes in the agar, and morphological characters 
such as septation, asexual spore development and 
basidiocarp formation. In her later publications 
(1958b, 1965) Nobles revised her system and utilized 
the earlier studies on extracellular oxidase pro- 
duction as a first division which divided the species 
into two distinct groups. Subsequent divisions with- 


in each group were based on morphological characters. 
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All descriptions were originally based on observa-~ 
tions of cultures from various inocula grown on 2% 
Hebe agdr and. on gallica (orn tannic)! acid agar. eine 
gallic acid method was later replaced by dropping 

an alcoholic solution of guaiacum on the mycelium 
growing on the malt agar (1958a), a simple technique 
which gave the same results as the former method. 

In work done since 1958, both oxidase tests were 
used in descriptive studies, but the guaiacum techni- 
que was found satisfactory for routine, identifica= 
tions. 

Many investigators, e.g., Long and Harsch 
mentioned earlier, have attempted to induce basidio- 
carp formation in culture in order to study.their 
development along with that of the vegetative mycel- 
ium. Badcock (1941, 1943) devised a sawdust medium 
containing an "accelerator" which increased the 
growth of wood decay fungi. Placing this enriched 
medium in various culture vessels he induced basidio- 
carp formation in 81 species. He found that it was 
eperea to maintain cultures under conditions of 
fairly high, ouc nor saturated, relative humidity, 
and expose them to light of moderate intensity. 


Tamblyn and DaCosta (1958) used a culture apparatus 


consisting of a wood block fitted over the mouth of 
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a jar filled with a modified sawdust medium based 
on that formulated by Badcock. The sawdust was inocu- 
lated with mycelium growing on agar. The mycelium 
grew throughout the sawdust medium and through the 
wood block and basidiocarps formed on the surface. 
These investigations, and others such as those of 
Hopp (1938) with Fomes applanatus and Lohwag (1955) 
with Lenzttes betultna showed that morphogenesis was 
influenced by substrate composition, light, tempera- 
ture and relative humidity. 

The most extensive studies of the influence 
of the environment on morphogenesis has been carried 
out by Plunkett (1956, 1958, 1961). He has examined 
the influence of light, humidity, primordium orienta- 
tion, temperature, Hydrogen-ion concentration and 
nutrition on morphogenesis in Polyporus brumalts 
and Collybia veluttpes. Light was found to be impor- 
tant, although primordia of P. brumalts could form in 
the dark. Conditions of low humidity favored pileus 
development by enhancing the translocation rate into 
the growing tip of the stipe and the newly forming 
pileus. He examined the phototropic and geotropic 
responses in P. brumalts (1961) and found the growing 
stipe to be positively phototropic at first, but, as 
the pileus forms, the stipe becomes negatively geo- 


tropic. The positive phototropism is the dominant 
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reaction but once the pileus forms, light is pre- 
vented from reaching "the photoreceptive part of 
the stipe". Plunkett demonstrated the dominance 
Or the phetcotropic yreaction by directing a light 
source on the stipe apex after pileus development. 
The stipe grew toward the source, sometimes result- 
ing in a fully inverted basidiocarp with the pores 
oriented in an upward vertical position. He suggest- 
‘ed that the developing pores respond geotropically, 
but the sresponse ican be: a spositive or negative one 
(",..their growing margins may be under the influ- 
ence of gravity and like the stipe hyphae may have 
two null positions for geotropic stimulation"), at 
least under cultural conditions. The dissepiments 
did not develop horizontally and Plunkett rejected 
the probability of development without geotropic 
influence, "a view eee need by the almost invari- 
able verticality of dissepiments in nature" (Plunkett, 
1961). 

The literature reviewed in the preceding 
pages formed the background for the present study 
of Polyporus adustus. Some of the methods used by 
ether,investigators for .culturing,the mycelium, and 
for inducing basidiocarp formation have been followed 


or modified. However, the work concerning the effects 


a7 


of environmental factors was of limited value since 
basidiocarp development under sufficiently controlled 
conditions could not be induced in P. adustus. It 
was necessary to study these effects in the field, 

an approach for which no published reports were 


available. 
Polyporus adustus Fries. 
ile, Classification and Distribution. 


Polyporus adustus is a widely distributed 
fungus and has been reported growing in North and 
sohin America, Europe, Africa, Asia, Australia and 
New Zealand. It was first described by Willdenow 
in 1787 as Boletus adustus. In 1821 Fries placed 
it in the genus Polyporus. Karsten (1879) trans- 
ferred the species to the genus Bjerkandera. Murrill 
(1906) accepted this classification and gave it wide 
publicity in his publication on the Polyporaceae of 
North America. Pilat (1937) placed it in the genus 
Gloeoporus. This classification was given support 
by Cunningham (1965), based on his study of hyphal 
systems and a regrouping of the genera of Fries.’ 


Since the majority of investigators (Bose, 1930; 
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Corner pelos2;. tOverholts 701953: 6tNobles;, 1948, 1958b, 
1964) recognize Pries' classification; his binomial 
is used in this thesis. 

The species is generally considered a sapro- 
phyte although it has been reported as a wound para- 
Site in apple and beech trees (Brooks, 1925; Wilson, 
S909 POCh rion] O13:)-5 1 &eGrpebithoandcBarnetts 61967) 


report it as being a mycoparasite in culture. 
2% Basidiocarp Structure. 


In spite of the wide distribution and poly- 
morphic character of this fungus, it has not been the 
subject of intensive study by mycologists. Boyce 


a 


(1938) briefly describes P. adustus as causing 
white mottled or cubical rot of dead hardwoods", 
its presence resulting in considerable loss of poplar 
and red gum logs and lumber in storage yards. He 
described the basidiocarp as annual, up to 3 inches 
wide, sometimes occurring in clusters and with a 
smoky-gray pore surface. 

Ames (1913) discussed the structure of P. 
adustus, with particular attention to the hymenophore. 


She placed this fungus in the genus Bjerkandera on 


the basis of its thin, dense pileus and the fact that 
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the hymenophore arose from a distinct layer. 

Lohwag (1940) studied the anatomy of the 
Dasldiocarp Of PP. \adusvus.. He found: the context. to 
consist of penal bundles ("Hyphenbundeln") as well 
as individual hyphae. The pileus surface was descri- 
bed as a short trichoderm arising from the context. 
The occurrence of this fungus on both deciduous and 
coniferous wood was noted. 

Corner (1953) described the basidiocarp of 
P. adustus as monomitic, consisting of generative 
hyphae only. These hyphae become thick-walled in 
Older basidiocarps. 

The description of this fungus given by 
Overholts (1953), in the major publication on the 
Classification of the Polyporaceae, is based on 
macroscopic and certain microscopic features of the 
mature basidiocarp. P. adustus is described as having 
a sessile or effused-reflexed sporophore, tough to 
corky, usually imbricate, varying in color from white 
to tan, rarely zonate, finely tomentose or nearly 
glabrous, with a thin, even margin aiieh is sterile 
below. The tube layer, which is gray and darkens 
with age, is separated from the context by a narrow, 
dark line. The tubes are narrow (5-7 per mm), the 


tramal tissue is brown, and the basidia are small. 
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Ine iypnae Composing the HM iatoetce are hyaline, 
profusely branched and have clamp connections. P. 
adustus is distinguished from closely related species 
on the basis of its darkly pigmented dissepiments 
UPS jumosue (ana). "atenroue Mave COlOrless, OF nearly 


colorless, dissepiments). 
3% CUbeUraPyotucdies Obptier Vegetative Mycelium. 


Most other see Of PF. Gdvetus were con- 
eemncd wien sdescreiping hes veqetari ve my ce num =P 
cultures? Cartwright and Yindlay (1930) presented *a 
very basic dascriptilon *6f “the macroscopic ‘characters 
COLURS -adverus (Crown Jom Zermatt saqars = they observed 
TEMtoO be of Severn textures, cotton-wooly, rather felted 
and Mbecoming=ligh betawitabove SM This\ideseription 
was elaborated upon by Cartwright (1932) when he 
investigated the microscopic characters of this 
fungus. The aerial hyphae remained undifferentiated, 
but the submerged hyphae varied in diameter and pro- 
duced "small rod-shaped crystals" Moderately thick- 
walled chlamydospores developed and oidia occurred 
Sparingiys Wacadidtus wweasi distinguished rom tthe 
closely related species, P.. fumosus , om the basis of 


the macroscopic appearance of the mycelial mat, 
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asexual spore formation (profuse in P. fumosus) and 
the type of crystals produced. 

Badcock: (1939) utilized the Sees of 
Rumbold (1908), Mez (1908), Bavendamm (1928) and 
Gilbert (1934) in order to identify wood-decay fungi, 
including P. adustus by the odor of their mycelium 
in culture. Badcock suggested that this would be a 
useful criterion in identifying these fungi when 
‘used in conjunction with observations of morphological 
characters. 

Nobles (1948, 1958b, 1964) grew cultures of 
Paeaduetuc from various types of inocula on 2% malt 
agar and gallic acid agar and used the guaiacum 
method. She found this fungus 5 develop a white 
mycelium. The thin-walled, undifferentiated hyphae 
rarely produced chlamydospores, Bar oidia formed 
from clamped hyphae or their simple septate branches. 
According to Nobles, isolates of P. adustus varied 
in. their production of extracellular oxidases, .as 
shown by the growth and color reaction on gallic acid 
agar and with the addition of guaiacum. 

Zycha and Knopf (1966) presented a descrip- 
tion of the vegetative mycelium of P. adustus which 
agrees with that of Nobles and they also describe 


crystals found in the substratum and the production 
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of chlamydospores, affirming Cartwright's observa- 
Crons: 

Vandendries (1936) carried out compatibility 
studies on P. (Leptoporus) adustus and found it to 
be bipolar, as did Nobles (1964). Vandendries 
further observed that haploid cultures produced 
numerous oidia and chlamydospores while this was not 


true of diploid cultures. 
4, Physiological Studies. 


Kogl and Fries (1937) established that P. 
adustus required thiamine for growth. Further 
investigations of the physiological requirements of 
P. adustus, did not appear in the literature until 
Henningsson published his extensive studies of fungi 
attacking birch and aspen wood (1967a, 1967b, 1967c). 
In his physiological studies he cultured fungi, 
including P. adustus, on wood blocks and four differ- 
ent artificial media. P. adustus was found to decom- 
pose aspen and birch wood rapidly. Temperature 
studies showed that the optimal temperature for 
vegetative growth was slightly higher than that for 
optimal decay rate. Carbon utilization studies 


‘demonstrated the ability of this fungus to metabolize 
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a wide Panee sé pentoses, hexoses, disaccharides and 
the polysaccharide cellulose. It was assumed that 
this fungus lacks the enzyme invertase because of 
its inability to utilize saccharose, an excellent 
carbon source for most of the other fungi tested. 
This delignifying fungus also exhibited rapid growth 
on cellulose. Nitrogen utilization studies showed 
that PP. adustue could utilize inorganic nitrogen 
sources. The suppression of nitrate assimilation 
caused by the presence of ammonium ions (Morton and 
MacMillan, 1954) occurs in P. aduetue. This_is 
caused by a feedback mechanism in which the ammonium 
ions inhibit nitrate reductase production (Kinsky, 
1961). The decrease in pH in P. adustus cultures 
ee on) NHAZNO3z is. the first indication “that this 
feedback mechanism functioned also in a basidiomy- 
cete". 

| Henningsson (1968) also carried out ecolo- 
gical studies, much of the work being based on his 
earlier laboratory studies. He found that the vege- 
tative mycelium remains active throughout the ne 
Nees the daily temperature even during the winter 
(in Sweden) reaches a high enough level during part 
of the day to permit growth and, hence, decay aCEI= 


vity. Fungi can decompose wood over a wide range 
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of substrate moisture content. These studies did not 
Specifically mention P. adustus. However, it was 

noted that this fungus and P. htrsutus showed consider- 
able cantagonismein culture although they were gener- 


ally found in the same region of log piles. 
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MYCELIAL GROWTH AND BASIDIOCARP DEVELOPMENT 


Materials and Methods of Observation 


Basidiocarps of Polyporus adustus, at vari-~ 
ous stages of development, were collected throughout 
central and southern Alberta. A small number of 
specimens were also collected from British Columbia, 
Saskatchewan, Montana and New York. Most collections 
included part of the wood in which the vegetative 
mycelium was growing. Records were kept of the geo- 
graphic location, habitat and orientation of the 
basidiocarps of each collection. Note was taken of 
basidiocarps deviating from classical descriptions 
and of any other basidiomycetes COlOnEztige rier suns 
stratum. The routine procedure for collected speci- 
mens included macroscopic and microscopic examination 
of ties bastdtocarp, the culturing Of dikaryotic’ vegeta- 
tive mycelium from the wood and monospore isolates 
from viable basidiocarps. In addition to freshly 
collected adienian herbarium specimens of P. adustus 
£fon the New York Botanical Garden, the Mycological 
Hey baati at Ottawa and the Cryptogamic Herbarium 


at the University of Alberta were examined. 
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The vegetative mycelium in the wood substra- 
tum was studied to determine its mode of growth and 
fee erent prior,to hyphal emergence and primordium 
fLormatvon.s The material) was, prepared. by cutting 
blocks.measuring approximately 2 x 2-4 cm (width x 
depth from bark to log center) with a band saw, 

BOG nGst he blocks, an stem le pa es aed water at 
approximately 5°C for 24-48 hours and sectioning on 

a sliding microtome (American Optical eoneaea) at 
10-30 uw increments. The hyphae were best observed 
iieoadialusections but tandentral snd. transverse 
sections were also made. Paraffin methods (Johannsen, 
1940) were employed when the wood was extremely 
decayed or when a basidiocarp was attached. The 
fresh-cut wood sections were stained with safranin 
endieant bin blue i nip ici. Clacids fol OwimCaesinOG Wid CoH 


tVOneOr Caniwr ont essmechiog) (10090 7.) Aopendig 1), 


The embedded material was sectioned on a Spencer 


rotary, microtome, at 10-20 af increments sandsstained 

Wa thy oat Geni nyanew as tigueen Or icalvanimgand ani )in 
blue (Johannsen, 1940). All sections were dehydrated 
and mounted in permount diluted with toluene (1:1) 


and partially dried on a wa¥ming trayeat 40°C .. 
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ted. The excess portion of the basidiocarp was 
trimmed away to leave only a small piece of the 
tissue under examination. In most cases this tissue 
was embedded in pith, placed in a Spencer hand 
microtome and sectioned at 20-40 u increments with 
a sectioning razor (Clay Adams). Advantages of this 
method are that the hyphae are not altered physically 
and some spores may remain attached to the basidia 
(spores have never been retained when paraffin methods 
were used). These sections were stained with 1% 
aqueous $-phloxine. If permanent sections were desired, 
the sections were dehydrated and run through EDS 
Seating and mounting procedures used for Gesanes 
material. | 

In order to study the hyphal structure of 
the basidiocarp, pieces of tissue were excised from 
the different regions and the hyphae were teased 
apart according to Teixeira's method (1956, 1962). 
This procedure has the advantage of permitting examin- 
ation of longer sections of the basidiocarp elements. 
Dissecting needles filed down to a chisel edge were 
used to separate the individual hyphae under a 
Bausch and Lomb stereomicroscope with a supplementary 
2x lens. The hyphae were stained with 1% aqueous 


B-phloxine or cotton blue in lactophenol. 
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Embedded and fresh basidiocarps were section- 
ed longitudinally along both their length and width 
and transversely, i.e., across the pore region and 
upward through the context. In most longitudinal 
Hestadns a portion of the wood substratum was left 
attached to demonstrate the mode of growth of vegeta- 
tive hyphae as they emerge from inside the wood to 
form basidiocarps. Sections of basidiocarps harvested 
at various stages of development from newly emerged 
primordia to sporulating specimens were studied in 
order to analyze the hyphal structure of the basidio- 
carps as development proceeds. 

Herbarium specimens were studied microscopic- 
ally using the hand sectioning or dissecting techniques. 
The material was mounted in 1% aqueous 8-phloxine or | 
in 3% KOH. 

Photomicrographs were taken with a Zeiss 
photomicroscope. Macroscopic photographs were taken 
With a Leitz bellows camera (4° x*5">plate tilm). A 
Pentax 35 mm camera was used for photographs taken 


in the’ field: 
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Observations 


Polyporus adustus is a saprophytic, lignin- 
attacking species in which the basidiocarp exhibits 
marked polymorphism. Variation ranges from large 
clusters of imbricate pilei to effused-reflexed to 
entirely resupinate structures and any combination 
of these (Figures 3, 4, 5, page 45). The most con- 
stant characteristic by which it is identified is 
2eS SMoky-Gray pore surface. “The surface’ of *piteate 
forms is eo tara to tan in color and is generally 
azonate. This fungus causes a white mottled rot in 
deciduous wood primarily, but has been observed 
occasionally on coniferous wood. All specimens 
which have been collected during this study have 


been found to be restricted to damp, shaded habitats. 
ta The Vegetative Mycelium. 


In all observations of wood infected with 
Polyporus adustus the vegetative stage has been 
found to be a dikaryotic, clamped mycelium growing 
in the tracheids and vessels. The hyphae growing 
through the wood are narrow, thin-walled and usually 


hyaline. Occasionally the cytoplasm will appear 
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granular in some ee Generally, one or two 
hyphae grow in a sinuous manner through the lumen 

of a tracheid or vessel (Figure 6, page 46). Branches 
from these hyphae grow transversely through the 
tracheary elements, passing either through the pit 
membranes or directly through the cell wall which 

is broken down by exogenous enzymes produced by the 
hyphae. Hyphal growth appears generally sparse 
throughout the wood, but as decay progresses dense 
aggregations form in individual vessels and less 
frequently in tracheids (Figure 7, page 46). These 
aggregations’ give the. wood the, white mottled appear- 
ance characteristic of the rot produced by this 
species. It should be noted that the white areas 
observed are actually hyphal masses and are not due 
to the cellulose residue left after lignin decomposi- 
tion. Inathe early stages: of decay andividual, hyphae 
grow only through the lumen of tracheids and vessels, 
but in the advanced stages the vegetative mycelium 
grows throughout the wood substratum. Growth is 
especially heavy toward the wood surface, that is, 

in the tracheary elements beneath the bark (if any 
isepresent) rand/or on) the: cut>orsbrokensends ofv.logs 


and stumps (Figure 8, page 40). 
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im car lyus GagessOEmcecay thevenzymetacti- 
Varty® of: «the hyphae is slight and cell walls are 
broken down only at points of hyphal penetration. 
As fungal growth increases, the tracheid and vessel 
walls are almost completely broken down leaving, in 
some cases, only primary wall material intact (Figure 
9, page 47) and, in others, totally destroying the 
Cems, GiTnis breakdown occurced mn tracheary elements 
which become occluded with masses of hyphae. In 
puclpiseveucly (decayed wood! hypheaesqrowechicoughethe 
pamenchymewwhachwrappeans; Undnkected Injeariier stages 
Om Cecay 4 uelThencomlys.e Wements which seem resistant to 
hyphal attack are the fibers. These cells have been 
found intact .invareas jof wood,in whichpal) other 
elements have been destroyed (Figure 10, page 47). 
ihe; resistance of fibers «to the catabolic action of 
the hyphal enzymes appears to be Pee EO Ceheetnuekness 
BOG baear pwallspand.to ther, OCCU Bence yin compact 
"bundles". The narrow, inaccessible lumen may also 
contribute to resistance, since secondary wall break- 
down appears to be carried out by hyphae inside an 
individual cell. .The mode of hyphal growth described 
here continues throughout the wood substratum without 
any observable differentiation in the individual 


hyphae. Modification of the hyphae directly under, 
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and involved in the formation of, a developing 


basidiocarp could not be observed. 


Zn Hyphal Emergence and Primordium Formation. 


Prior to the emergence of hyphae from the 
side of a log, a compact mass of interwoven hyphae 
forms under the bark. A group of hyphae, in parallel 
formation, then emerges through a fissure in the bark 
and grows out over the wood surface forming a mat of 
densely interwoven hyphae (Figure 1l, page 47). If 
the relative humidity in the microhabitat in which 
the fungus is growing remains near saturation fora 
period of 48 hours or longer during hyphal emergence, 
a mat of indeterminate size grows over the wood sur- 
face. The size of the mat is dependent upon the 
duration of the period of high humidity. When the 
humidity drops below a maximum of 80% linear spread 
ceases. If the microhabitat remains saturated for 
several days during mat formation a large growth will 
occur, but if the relative humidity is below 80% at 
this time linear spread ceases several hours after 
hyphal emergence, resulting in the formation of a 
Mbutton! sprimerdium: (Figure v127 page 47 )<" The physi- 


cal position of emerging hyphae also influences the 
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ultimate physiognomy of the basidiocarp. Basidio- 
carps of P. adustus covering the cut end of a log 

or stump develop from numerous discrete primordia 
formed from hyphal masses emerging from the cut ends 
of tracheary elements. The larger clusters of imbri- 
cate pilei found on the: side of a log or stump gener- 
ally develop from one, or a few, large primordia 
which spread extensively over the bark surface. 
Extensive primordia have been observed on the ends 

of logs only if the wood has been broken off creating 
an overhanging, irregular surface. 

Soon after cessation ‘ofiradtal ‘growth, the 
emergent hyphae develop slightly thickened walls and 
form a highly compacted mat of interwoven hyphae. 
Within 24 hours a gray-brown pigment is produced over 
much of the surface of this mat, but the margin always 
remains unpigmented. The pigment is localized in 
the cell walls of hyphae which are slightly thicker 
walled than other hyphae of the primordium. This 
compacted, pigmented mat of felted hyphae, which has 
a dimpled surface, and in which radial growth has 
ceased is the basidiocarp primordium. At this stage 
there is as yet no discernable hyphal organization 
other than regular interweaving with a tendency to 


longitudinal orientation. The primordium becomes 
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thicker as the hyphae already present continue to 
branch but there is no increase in surface area. 
The primordium stage is of such short duration that 


it. is seldom observed in the field. 
3% Basidiocarp Development. 


Pileate, effused-reflexed and resupinate 
basidiocarps differ in some developmental aspects 
and in certain anatomical features. The ultimate 
form of the mature basidiocarp is greatly influenced 
by physical orientation and topography of the wood 
surface as*well as’ by* che-mickroclimate. The paiiekrte 
form has BoBR found to be the most common, although 
the type specimen at the New York Botanical Garden 
is effused-reflexed. All basidiocarp forms are 
similar in their early development prior to the 
time of pileus formation. The following detailed 
description applies to the development of a pileate 
basidiocarp. 

After primordial formation is complete, 
development of the basidiocarp is initiated. The 
interwoven hyphae of the primordium become organized 
into loose strand-like associations which grow 


parallel to each other in a horizontal plane. Similar 
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hyphal associations are referred to as "Hyphenbundeln" 
by Lohwag (1940) and as hyphal strands by Butler 
M1959) 8 Butler eeaenes hyphal strands as "linear 
hyphal aggregates with the capacity to extend uni- 
Glrectionally sand describestthem asicensistingros 
"loose aggregates of hyphae which increase in thick- 
ness by accretion of hyphae from the base" (1957). 
Although these* definitionss refer: tonthe) structure 

and development of vegetative hyphae, they can be 
applied= to oneasystemoiihyphactin theudeveloping 
baci diocarprot Ps -adustus, sing additcionetoy thesasystem 
of hyphal strands, the undifferentiated hyphae from 
thes pr imordium @iverrisestoOsa system-of sntexrwoven 
hyphae which forms part of the basidiocarp. In the 
region oOfethe hyphal, strands these interwoven. hyphae 
form a much less compact mass which enmesh the 
strands (Figure 13, page 48). No strands form at 

the base of the pileus where it is attached to the 
wood or at the margin which remains sterile. The 
base is composed of a compacted mass of interwoven 
hyphae which show a tendency toward vertical-parallel 
orientation (Figure 14, page 48). The interwoven 
hyphae at the margin also tend toward parallel 
orientation and are directed in the same plane as 


the pileus margin, (Figure 15, page 48). Thus, the 
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context of the pileate basidiocarp is composed of a 
system of hyphal strands which appear to direct the 
course of pileus growth and a second system of less 
compact interwoven hyphae. The hyphae of both systems 
are morphologically similar, being thin-walled, clamp- 
GE PN2 $2— 393 u in diameter, with an average of 2.6 u, 
and they resemble the vegetative hyphae. The hyphal 
strands grow out approximately perpendicular to the 
surface of the log fromethe primordium. Such growth 
May occur at numerous points on the primordium form- 
ing a large cluster of imbricate pbheshor onlyjat 

one or two points, forming a few separated pilei. 
pagers tay: the imbricate pilei will form on an exten- 
Sive primordium situated on a standing stump or on the 
side of a smooth-surfaced log. The few, discrete 
pilei form‘on a BaeEeH primordium or on an extensive 
primordium which is located on the underside of a 

log with only a marginal area growing in vertical 
orientation on a smooth wood surface. 

Thevhy phaemo fy themcontextmgives nuse-itornthe 
tomentum and the hymenophore. The fine tomentum is 
formed by profuse upward branching of the horizontally 
oriented hyphae at the upper region of the context 
and by vertical growth of terminal cells (Figure.16, 


page 48). These hyphae are morphologically similar 
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topthe context hyphae*but have a slightly “larger 
average diameter (3.1 uw). 

The hymenophore is composed of a more complex 
tissue than that of the other regions of the basidio- 
carp. The first stage of development is the forma- 
tion of hyphal strands in close parallel arrangement 
at the lower limit of the context where the dissepi- 
ments wipiguetes form. The hyphae have a diameter 
Ofot3 a -4 34 : with an average Ora 1. Th and are wider 
than the other hyphae of the basidiocarp. These 
hyphae branch profusely with the branches growing in 
a downward direction to form the highly compacted, 
pigmented tissue which makes up the transition zone 
between the context and the dissepiments. Some hyphae 
of the transition zone gradually become oriented 
vertically downward showing a positive geotropic 
alignment and forming the tramal tissue which makes 
up the central part of the a#esepinente Other down- 
ward growing hyphae of precisely defined areas of the 
transition zone cease growth, a response which re- 
sults in the formation of tubes (Figure 17, page 48). 
There is a significant difference in the mode of 
growth of the tramal hyphae (Figure 18, page 48) com- 
pared with those of the context. From measurements 


of the distance between septa, it appears that tramal 
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hyphae increase in length mainly by intercalary 
growth. The clamps on these hyphae have been found 

to be 100 u to more than 200 uw apart while clamps on 
hyphae in the other regions of the basidiocarp are 
generally less than 50 u apart and can be as close 

ASe cor / Ue Moreover, the tramal hyphae branch less 
frequently, are thicker walled than the context hyphae 
and are pigmented. 

At the time of Ateneo formation there 
is a simultaneous development of the hymenium. This 
sporenformming, layer develops, by: horizontal, growth, of 
short branches which grow out perpendicular to the 
dissepiments and are accompanied by similar growth 
of terminal cells. These short branches are cut off 
ose the. main hyphae by .a slight constriction at the 
base of each and the formation of a simple septum. 
The result is a palisade of single-celled, clavate 
structures (Figure 19, page 49). It is believed that 
basal constriction,.rather than terminal, swelling 
occurs because the terminus of the clavate cell is 
the same diameter as the hypha ae which the branch, 
now considered a basidium, is derived. There is no 
subhymenium. The basidia are quite small and appear 
similar to other terminal cells. They have an aver- 


age measurement of 8 x 4 u which falls within the 
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range of the tramal hyphae (3.3-4.4 yu). Unless 
basidiospores are present no sterigmata are evident. 
The four spores produced on a basidium are hyaline, 
subglobose to oval and measure 5-6 x 3-4 yu. Under 
adverse conditions the production of basidiospores 
ceases abruptly and those already produced are dis- 
charged. Spores are rarely found in specimens examined 
more than 24 hours after collection. There is no 
evidence of a thickening hymenium which would result 

in more than one spore crop per tube. Under constant 
temperature and moisture conditions in the laboratory, 
hyphal tips have been observed to grow from the trama 
between the basidia and extend into the pores, but 
these remain undifferentiated and develop during a 
eee ied of basidiospore production. Basidiocarps 
persist only one growing season but the basidia making . 
up the hymenium will mature asynchronously and conse- 
quently basidiospores are produced during favorable 
periods of the growing season. Basidia can be induced 
to produce spores in the laboratory by alternate 


wetting and drying of the basidiocarp. 
4, Variations in Basidiocarp Development. 


ai Resupinate and Effused-Reflexed Basidiocarps. 
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The development of resupinate and effused- 
reflexed basidiocarps is the same in the early stages 
as that of the pileate form. The mycelium emerges 
from the wood and grows over the surface. Once line- 
ab.spread ceases the, mat. becomes.felty, the.central 
surface hyphae develop thickened, pigmented walls 
and dimpling of the pigmented region OCeCuUIS'. 

The resupinate basidiocarp (Figure 5, page 
45 ) will develop on the underside of a log or fallen 
tree or on the side of the substratum where it can 
utilize furrows in the bark or fissures in the wood 
to form a positively geotropic hymenophore. The 
context, which is in direct contact with the wood 
surface, is composed of hyphae organized for the 
most part in parallel orientation. But, these hyphae 
do not aggregate to form the distinct strands found 
in pileate basidiocarps. Rather, the hyphal organiza- 
eLOM, Very closely) resmebles) thatwof thesbase or, the 
pileus (see Figures 20 and 14, pages 48-49). The surface 
where the pigmentation develops is composed of com- 
pacted, interwoven, profusely-branched hyphae, similar 
to the transition zone forming beneath the pileus 
context. It is from this tissue that the dissepiments 
are formed. Wherever the upper surface of the basidio- 


carp is oriented obliquely or parallel to the ground, 
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groups of hyphae grow down in a positively geotropic 
manner to form the hymenophore (Figure 21, page 49). 
This same development occurs in the effused-reflexed 
basidiocarp, but at the upper, vertically oriented 
margin the hyphae grow horizontally away from the 
substratum surface to form the reflexed part of the 
basidiocarp. This reflexed growth resembles develop- 


ment of a pileus. 


Dy Daedaloid Pore Surface. 

A common feature of the imbricate, resupi- 
nate and effused-reflexed forms is that part of the 
basidiocarp spreads along the wood erect iia) cong e 
these forms there 1S a positive geotropic orientation 
of the tubes. The basidiocarp of P. adustus is a 
very plastic structure and will form tubes if there 
is the slightest oblique orientation of the context. 
The hymenophore will take ona eae naan pe sr ance 
in some areas, typically on imbricate forms where a 
resupinate area of a basidiocarp meets with a pileus, 
and on effused-reflexed forms where the hymenophore 
becomes oriented horizontally from a vertical posi- 
tion. The pores will be daedaloid until the pileus 
context is oriented parallel to the ground and then 


the tube mouths become even, forming the regular sur- 
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face that has been reported to be characteristic of 
P. adustus. This same daedaloid hymenophore surface 
occurs over large areas of resupinate and effused- 


reflexed basidiocarps having an oblique orientation. 


ec. Zonation. 

Some investigators have stated that zonation 
of the pileus is characteristic of Polyporus adustus. 
I have found that this is not a constant feature but 
occurs only when the developing Seigiogans is sub- 
jected to adverse climatic conditions. Extremes in 
temperature and dry conditions might not be severe 
enough to kill the entire basidiocarp, but the terminal 
cells of the growing margin will cease growth and 
become pigmented (Figures 22 and 23, page 50). This 
pigmentation differs from that of the hymenophore 
hyphae in that the terminal cells do not have thicken- 
ed walls and the pigmentation is in the cytoplasm. 
When favorable conditions return, lateral branches 
develop behind the terminal cells and normal growth 
is resumed. The dead pigmented cells persist in the 
context and tomentum and give the basidiocarp its 


zoned appearance. 
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Pirgure 1. Site II showing logs surrounding hygrother— 
mograph. This photograph was taken when 


‘logs were first put out in April, 1969. 


Figure 2. Site II as it appeared during the latter 
part of July, 1969. The Light recorder 
is in the photograph; the Rustrak record= 


ex and battery are at lower right: 
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Figure 3. Imbricate basidiocarps, the common form 
of development. (X0.7) 
Figure 4.. Effused-reflexed basidiocarp. The reflex- 


ed portion is indicated by the arrow. 
Note the daedaloid pore surface around 


the arrow. (X1.9) 


Pigurcor Resupinate basidiocarp which developed 


on) the) underside lof.aypoplari tog. “(x ino) 
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Figure 16. 


Figure 7. 


Figure 8. 


Individual hypha growing in a sinuous 
manner through a poplar wood tracheid. 


(X629. 8) 


Hyphal aggregation in a vessel of poplar 


wood. CxT6.0725) 


Cross section of wood just beneath basidio- 
carp. Note that tracheary elements are 
filled with masses of hyphae, formed by 


profuse branehingae ((xX512) 
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Figure 9. 


Figure 10. 


Figure ll. 


Figure 12. 


Wood section showing the breakdown of the 
secondary, lignified tracheid walls. The 
primary wall is) Qeft=intact (arrow): 


(X1000) 


Wood in advanced stage cf decay. Only 
bundles of thick-walled fibers remain 


imtacw. (X128) 


Hyphae emerging through a fissure in the 


bark! of pa; Tog fnem Site pie. (X63) 


A button primordium (arrow) on the end of 


a Vogratusteena 2.) ak) G) 
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Figure 13% 


Figure 14. 


Pigure 15. 


Figure 16. 


Figure 172 


Figure 13. 


Context of a pileate basidiocarp. Note 
the hyphal strands which are enmeshed by 


the system of interwoven hyphae. (X511) 


The base of a pileus, composed of closely 
packed hyphae showing a general parallel 


alignment. (X1000) 


Hyphae in parallel alignment, making up 


the sterile margin of the pileus. Compare 
with Figure 13 showing the construction 


of the context behind the margin. (X1000) 


The pileus surface, composed of short 
hyphae arising directly from the context. 


(X1000) 


The transition zone, from which hyphae 
are beginning to grow downward to form 
dissepiments. Cessation of this growth 
in precisely defined areas (arrow) results 


in tube formation, —=(X250) 


Dissepiment, showing tramal hyphae in 


close parallel alignment and the hymenium. 


_ (X400) 
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Figure 19. 


Figure. 20. 


Figure 21. 


The hymenium of P. adustus, a palisade of 
single-celled, clavate structures. 


(X1000) 


Resupinate basidiocarp showing context 
(C), composed of parallel hyphae without 
strand formation. The transition zone (T) 
is morphologically similar to that of 


pileate forms. (X400) 


Resupinate basidiocarp developing ina 

bark furrow. Note the formation of dissepi- 
ments only where the hyphae are able to 
align themselves in a positively geotropic 


manner. (X¥25') 
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Figure 22. 


Figurerco. 


Zonate region of context of revived 


basidiocarp. — ¥(X170) 


Pigmented hyphal tips in context which 
give zoned appearance to pileate basidio- 
carps. Renewed growth occurs by lateral 
branches developing Sendra pigmented 


apical cells. (X1072) 
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THE INFLUENCE OF THE MICROHABITAT ON GROWTH 


AND DEVELOPMENT 


Materials and Methods 


The term "microhabitat" as used here refers 
to the localized area in which Polyporus adustus is 
growing. It is affected by changes in the micro- 
climate, i.e., temperature, moisture and light, and 
also by the physiological environment of the wood 
substrate (See Smath;,; 1966./ pp. 13, .8/-9)).. Accord- 
ing to this definition the microhabitat includes the 
limited environment in which P. adustus grows in 
nature and that created artificially in the laboratory. 
Thus, the methods used in studying the microhabitat 
include cee carried out in the field and in the 
laboratory. The cultural studies were intended pri- 
Manily, to confirm or pelp.to explain the datajcom- 


piled in the field. 
A. The Natural Environment 


In order to observe growth and basidiocarp 
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development of P. adustus and to measure the environ- 
melctaie panameterswalrecting 2t- under partially icon- 
trolled conditions, three study sites were set up in 
the field. The sites chosen differed in the density 
Of the Loeemcanopy; sex posuveland Oralnage meiach was 
considered to be a microhabitat in which P. adustus 
could be studied (Figures 1 and 2, page 44). 

Site Ii was located on the Bocock Farm, 
north of St. Albert, Alberta at the ecotone between 
ee popiliaragrove and tthe) grass andeshnub border ofsa 
small pond. The area was approximately 100 ft north 
of the pond. There was a light aspen and balsam 
poplar canopy just immediately over the site which 
received diffused but bright sunlight during the day. 
There was moderate ground vegetation 3-5 decimeters 
nigh. Phe Wgrovundywasertlat but. dvainage tappeared 
good and the area was dry compared to the other Sbes. 

Site fimwas une the centermeou oa verge acpen 
and balsam poplar grove approximately 500 ft south- 
east of the same pond. The tree canopy was moderate 
and the sunlight reaching the study area was diffused 
unless a strong wind disturbed. the trees, in which 
case: bright.direct light could penetrace= | Ground 
vegetation in the immediate vicinity grew to be about 


i. 0-3.0. decimeters. The relative, humidity appeared 
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to be generally high. There were numerous fallen, 
decaying trees. One large one bordering the experi- 
mental area was covered with P. adustus. The topo- 
graphy was slightly sloped and drainage was good. 

Site ii was located in the University 
Forest Reserve which is on the tree covered north- 
facing slope of the North Saskatchewan River Valley 
adjacent to the campus. This site was on a small 
plateau toward the bottom of the steep inclination. 
The tree canopy was very dense and consisted primarily 
of spruce and poplar. Ground vegetation grew to 2.0- 
3.0 decimeters on the plateau. The Site was always 
damp due to the collection of water draining off 
from above. This microhabitat was the most sheltered, 
appeared to receive less light and direct rainfall 
(due to the heavy spruce canopy) and was protected 


Prom wind. 
1; General Methods 


Forty poplar, logs were placed ateeach site. 
Twenty-five were artificially infected with P. adustus 
and 15 were naturally infected. The artificially 
infected logs were prepared by first cutting recently- 


felled, sound poplar trees into 1 ft lengths. A 
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hole was drilled into the center of each log and 
they were autoclaved at 15 lbs steam pressure for 
1 hour for 3 consecutive days. 

Prior to ster i rzation of the 1ogs,, wnoculum 
was prepared using 2 wood mycelium isolates of P. 
adustus which had been maintained on malt agar slants. 
The stock cultures were transferred to the center of 
Blakeslée"s malt agar plates (Blakeslee, 1915). After 
the colonies spread half way across the plates 5 mm 
plugs were cut from the margin using a cork borer. 
These were aseptically transferred to sterile 3 dram 
glass vials containing poplar sawdust enriched with 
Badcock's accelerator Wen Sait (Badcock, 1947). ‘The 
vials were capped with small glass beakers and the 
cultures incubated at 26°C ert the mycelium was 
growing throughout the sawdust medium. At this time 
the logs were autoclaved and one vial was inserted 
into the hole previously drilled into each log and 
sealed over with plasticine. 

The naturally infected logs were cut from 
3°dead standing aspen poplar trees found on the edge 
Ora Ssliatlow lake. . Basidiocarps of P. adustus were 
growing on each and the characteristic mottled rot 
caused by this fungus could be seen in the wood. 


The trees were brought back to the laboratory where 
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the wood was examined microscopically and cultured 

on Nobles' malt agar to determine that the wood was 
definitely infected with P: adustus and whether other 
fungal species were present. Bacteria and yeasts 
were found in wood taken from near the log surface 
and Pentetlltum sp. and Hormtsctum sp. were isolated 
but the only basidiomycete found in these logs was 

P. adustue . 

The aritficially and naturally infected logs 
were set ‘out’ in 2 pileés ‘ati each sitesduringythe first 
week of May, 1969. Data were compiled on the tempera- 
ture, moisture (relative humidity, rainfall, moisture 
content of wood) and light conditions of each micro- 
Nabrtac-during the firse Sseasomarvhiseintoumation 
was correlated with observations of the emergence of 
hyphae from the wood to form a primordium and the 
subsequent development of basidiocarps. 

The progress of the vegetative mycelium in 
artificially and naturally infected logs was- studied 
during the growing season from June 1969 to August, 
1970. Logs were removed periodically from each site 
and brought back to the laboratory. They were then 
cut transversely with an electric band saw and each 
block was labelled. With aritificially infected logs 


the wood block at the point of inoculation was identi- 
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mecdrvas 0". “The blocks, cut. to one side of 0“ were 
identified consecutively as +1, +2. etc. and to the 
Oeiereside-as -l, —Z2Z,7ete. The maturally intected 
logs were labelled in the same manner with "0" being 
the center of each log. Then the wood blocks, each 
Measuring approximately 3 cm thick and 15-30 cm in 
diameter, were cut into 4 sectors. The sectors were 
placed in containers containing sterile distilled 
water and soaked for 24-48 hours at 5°c. After soaking, 
they were sectioned on the sliding microtome at 10- 
30 w increments, stained using the modified Cartwright 
method previously described (p. 26) and mounted in 
toluene-diluted Permount. The sections were studied 
Meecrosecoprcally in order Lovobserve the growrn of the 
vegetative mycelium through the sound (artificially 
infected) wood and the changes occurring in the wood 
in the advanced stages of decay (naturally infected) 
aloes to hyphal emergence and primordial formation. 
Developing (primordial stages) and maturing 
basidiocarps were photographed in situ. Some were 
removed and prepared for microscopic study and others 


were observed as they developed. 


we Measurement of Environmental Parameters 


a. Temperature and Relative Humidty. 
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A recording hygrothermograph was set out 
at each site to give continuous data on temperature 
and relative humidity conditions in the microhabitat. 
Two of these instruments were Short and Mason model 
2362P.P. and the third was a Lambrecht model 252. 
Each was enclosed in a protective casing of wood 
with screening on the sides and bottom. Before using 
aan in the field the hygrothermographs were calibra- 
ted by the Electronics Division of the University 
Technical Services Department. During the entire 
period in which data were collected the accuracy 
of the instruments was checked against readings ob- 
tained with a Bendix model 566 psychrometer. This 
was done at least weekly when the charts were changed 
and generally was done bi-weekly. At the same time 
the charts were changed the hair Avast sensors 
were washed with distilled water, in order to remove 
any debris and to regenerate the hairs. The maximum 
and minimum readings for temperature and humidity 
were recorded on a daily basis. Weekly averages were 
computed and the information was compared for each 
microhabitat and also with the meteorological data 
compiled by the Meteorological Branch of the Depart- 


ment of Transport at the Edmonton Industrial Airport. 
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Dy Rain fal i, 

The? total tragnitrall ‘occurring in *each’ micro— 
habitat was measured with a rain gauge. The gauge 
consisted of a glass funnel surrounded with an ace- 
tate splash shield which emptied into a 50 ml gradu- 
ated cylinder which was placed in a largery cy tinder 
to catch any overflow. The acetate shield extended 
10 cm below the funnel mouth and served as a cap for 
the® outer cylinder to prevent evaporation. The gauges 
were checked after every rainfall. The actual rain- 
fall was determined by dividing the volume of water 


in the cylinder by the ratio of the funnel to cylinder 


area: 
Actual rainfall = total waren cylinder 
(ratio of cylinder 
to funnel area) 
ct Substrate Moisture Content. 


The moisture content of the logs was mea- 
sured to determine whether there was any correlation 
between the moisture available to the vegetative 
hyphae and fluctuations in the microhabitat. At 
weekly intervals corings were taken from 3 logs at 


each site with an increment borer and were immediate- 
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ly placed in preweighed screw-top vials. In the 
laboratory the wet weight of the wood + vials was 
determined using a Mettler balance. The vials were 
then uncapped, dried at 90°C for 48 hours and placed 
im -atdesiccatorycontainingi€a€1l5 forianothers48shours. 
The caps were replaced and the dry weight of the 

wood + vials was determined. Because of differences 
in the size (and consequently the weight) of each 
core, all data were recorded as percent moisture con- 


tent. 


ais Light. 

Continuous measurements of light intensity 
were taken at Sites i and If-usingsrecordexs buidt 
by the Electronics Division of the Technical Services 
Department. Each recorder consisted of a series of 
silicon photoelectric cells mounted on an aluminum 
base to form a circle and sealed in a lucite dome. 
Light striking the cells sent a continuous electrical 
current to a Rustrak model 88 recorder attached to 
the light sensing apparatus. The intensity was re- 
corded on a 0.00-1.00 milliampere scale and imprinted 
on a continuously moving chart. Power was supplied 
to the recorders by 12-volt truck batteries which 


were recharged every 3-4 days. The chart readings 
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were converted to foot-candles by means of a standard 
curve made for each recorder by calibrating the milli- 
ampere readings with foot-candle readings taken with 
a Canadian Research Institute light meter. Light 
meter readings were taken weekly at both sites and 
compared to the milliampere vs. foot-candles stand- 
ard curve to check the accuracy of the recorders. 

Because, of thestigh) Cost rot these wecording 
apparatuses and the lack of information available 
concerning their performance in the field over a 
prolonged period,’ only two were built. Therefore, 
ehem@iightuintensity ateSite ILI» was*recorded”periodi- 
cadiyawithethelsamé, CT NRE 2. Light »meter-used* to 
calibrate the recorders. The reasons for placing 
ne instruments at Sites I and II in preference to 
III were the unavailability of level ground on which 
to place the bulky equipment and the difficulty in 
transporting the heavy batteries to this area to 
which there was no vehicular road. Also, the light 
intensities appeared much lower and more constant 
than at the other sites and could be more easily 
evaluated by spot checks. 

Periodically the recorded portions of the 
charts were removed from the Rustrak recorders and 


the data was tabulated for each site. The minimum, 
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maximum and average milliampere readings/day were 
recorded and converted to foot-candles using the 

standard, curve... The data from Site III consisted 
of foot-candle readings and the time at which they 


were taken. Data from the three sites were compared. 
Bs The Cultural Environment 


Laboratory experiments involved growing 
Polyporus adustus on synthetic and natural substrates 
in microhabitats which were entirely artificial or 
which simulated the natural environment. The pro- 
cedures used in the study of the cultural environment 
will be discussed under four headings: general 
methods; temperature and vegetative growth; substrate 
composition and the vegetative mycelium; basidiocarp 


induction in the artificial environment. 
Ly General Methods 


All methods used in cultural studies were 
standardized to reduce experimental error. Inoculum 
was obtained from wood and from spores. (See Appendix 
an for methods of spore isolation). Duplicate stock 


cultures were maintained on half-strength Nobles' 
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Malt agar islants (Nobles ~/1958).-at -5°C... Inoculum 
was prepared by transferring a small piece of mycel- 
ium from a stock tube to the center of plates con- 
taining 15 ml of solidified medium. When the mycel- 
ium had grown to within 10-15 mm of the plate edge, 
»ommiplugs :wereccut with.,a;stenile,cork borer at the 
colony margin and transferred to culture vessels. 
When 1 Re eae solid medium the mycelial surface 
of the plug was always placed in contact with the 
agar. The use of a mycelial suspension inoculum 

was discarded because of discrepancies in growth 
rate and hyphal morphology found in replicate cultures. 
Possibly, the differences could be traced to the 
strong tendency of P. adustus to sector, since the 
sectored region might exhibit differences in growth 
cl morphology. Extensive observations of monokar- 
yotic cultures, following the procedures outlined 

by Nobles (1965), have shown considerable variation 
in isolates from the same basidiocarp. 

The media used in this study (with the 
exception of the sawdust medium) could be adapted for 
liquid or solid cultures. Liquid media were solidi- 
fied with 1% Oxoid agar (w/v) or 2% Difco Bacto agar 
(w/v). The water soluble media components were 


dissolved in one-half the final volume of water and 
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cold sterilized using a Millipore filter apparatus. 
The agar and other non-filterable or non-soluble 
constituents were added to the remaining volume of 
water and autoclaved at 15 lbs pressure for 20 minutes, 
allowed to cool and added to the cold-sterilized 
constituents. This procedure was employed in order 
to eliminate the possibility of denaturing proteins 
and precipitating any of the metallic ions which 

had been added. Liquid media were dispensed in 50 
ml aliquots into matched, sterile 250 ml Erlenmeyer 
flasks, plugged with sponge stoppers and finally 
covered with disposable plastic beakers to retard 
evaporation. All flasks used in liquid culture 
experiments utilizing synthetic media were washed in 
detergent (Organisol, Fisher Scientific Co.) and 
soaked in a dichromate-sulfuric acid solution. They 
were rinsed with several changes of tap water, twice 
with distilled water and dried in a hot air oven. 
All solidified media were poured in disposable, pre- 
ee eee 8.5 em plastic Petri dishes. All media 
were incubated for 48 hours prior to inoculation 

to check for contamination and duplicate sterility 
controls were maintained for the duration of each 
experiment. 


For all cultures grown on liquid media dry 
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weight was employed as the index of growth. The 
contents of each flask were poured into a Buchner 
funnel containing a tared 9 cm disc of Whatman No. 3 
filter paper, washed with 250 ml of distilled water, 
dried to constant weight in a hot air oven at 90°C 
and stored in a desiccator for 48 hours before 
reweighing. Quantitative data were based on the 
arithmetic mean of 3-5 replicates. 

As cultural studies progressed, it was 
found that liquid cultures were not entirely satis- 
factory for growth studies of Polyporus adustus. 

The results of highly standardized growth experiments 
did not yield replicate results in 3 different runs 
which were carried out. However, liquid cultures 
were- useful in» establishing trends” and were? used in 
preliminary experiments. These included formulating 
growth curves to evaluate the media used for these 
studies, screening of carbon and nitrogen sources 

to be used in utilization experiments and determining 
the optimal hydrogen ion concentration. 

Most experiments were carried out using 
solidified media. These solid cultures offered a 
less precise index of growth than liquid cultures, 
i.e., linear growth and subjective observations vs. 


biomass determination. However, this disadvantage 
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was outweighed by two advantages: solid media cul- 
tures yielded replicate results in all runs and such 
cultures allowed morphological studies of the mycelium 
(all liquid-culture experiments required that cultures 
also be grown on solid media for morphological 
observations). Linear spread of the mycelium (mm) 
from the inoculum plug/day was the criterion used 

i) Baternine grows. The quantitative data are 
presented in terms of the arithmetic mean of the 

10-15 replicates set up for each experimental vari- 
able studied. Morphological data are presented as 

a qualitative estimate of vegetative growth and of 
hyphal differentiation based on visual examination 

of each culture. Photomicrographs of the vegetative 
mycelium were taken with a Zeiss photomicroscope 


to illustrate hyphal differentiation. 
2 Temperature and Vegetative Growth 


The growth of P. adustus at selected 
temperatures over a 27° range was studied. Cultures 
were grown on Blakeslee's malt (Blakeslee, 1915) and 
glucose-asparagine basal medium (Lilly and Barnett, 
1951). Ten replicate plates of each medium were 


inoculated with a polyspore inoculum and incubated 
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atelO-, 15°, 20°, 26°, 30° and 37°C (20 plates/temper— 
ature). The linear spread of the colonies was mea- 
sured daily. The results were recorded as the arith- 
metic mean of the 10 replicates/medium for each 
temperature. Cultures were evaluated on the basis 

of daily radial growth and the time required to 


cover the 8.5 cm plates. 
Si Substrate Composition and the Vegetative Mycelium 


Experiments were carried out to evaluate 
the various media used in cultural studies. For 
_morphological observations it was desirable to use 
a medium on which P. adustus would grow at a moderate 
rate and exhibit normal development, i.e., produce 
a vegetative mycelium similar to that occurring in 
natural substrate. The three media tested were 
Blakeslee's malt, which served as a positive control, 
BLUly- Ss ena Barnett's glucose-asparagine basal 
Sere kabic and Henningsson's medium B (Henningsson, 
1967a). Cultures were grown on both liquid and 
solid medium and incubated at 26°C . Triplicate 
sets of flasks were harvested at 3 day intervals 
until the cultures showed evidence of autolysis.” 


Cultures on solid media were evaluated on the basis 


j bk. ri y ; re aie 
’ Li ~ as se - 


b 


at LOW .< ites sat re iy ‘bs 


Sih adt\ oe ilest Oe at: 20 ei 


" 41 yt ; { ‘ oe ey 


t aie . a ely ted —a 
si a 


i A, oe a mm ‘ P Hts + ve thant “yas ay 
Wy. mit 
rate.ce ne 2l8 
/ ; an \ 
‘ 5 vi v 
+ nd nobsheogae e2as ze 


azeow bedews. ad emt soni edt 

rice ee eS oe 

(o% qHnoD. avs : & Oy” By ee Pariok thet nie . = iy ISi GSASL 

LaPTe ta et ie Siesta e t nsellgianae i 

| bee me on tpomane anenite: © o' +28 ott Be 
: 


a 


JIT is 
is; 


sds? east ein ou 
; tae a or - Pr 


7 
is’ {MULE 


; Rog ers tiene) ePy. si pean, 


Bae  bhripts dle: 

a wil ia ‘aa 
Briccand : 
ae 


rh ads 


67 


of linear spread and their hyphal morphology. Growth 
was found to be greatest on Blakeslee's malt medium 
closely followed by medium B and glucose-asparagine 
basal medium. The moderate growth rate achieved in 
the synthetic media made them more desirable for 
studies involving morphological observations. It 
was decided to use the glucose-asparagine basal 
medium for substrate utilization experiments because 
it was less complex to prepare and supported equival- 
ent growth. Blakeslee's malt medium was used in 
temperature studies and also served as a standard 
for all experiments. Henningsson's medium B was 
used on a limited scale in nitrogen utilization 
experiments. | 

Growth of Polyporus adustus in glucose- 
asparagine basal medium at pH 2.0, 30), Aes Oe), 
Sil, oG. OGen6le>:, “FeO and >8.0 was examined’ siriplicate 
sets of cultures were grown in liquid medium in 
which the pH was adjusted with 6N NaOH or 6N HCl. 
Cultures were harvested after 14 days. P. adustus 
grew best at pH 4.5-6.5. Since growth was almost 
comparable within this range, it was decided to 
adjust the pH of media only if it fell outside 
these limits. However, in cases where several 


experiments were closely related to each other the 
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media was adjusted to 5.5. 


a. Carbon Utilization 

Carbon utilization studies were carried 
out on solidified basal medium with 0.5% asparagine 
(w/v). A medium containing 1% glucose served as a 
positive control. A medium with no carbon source 
served as a negative control. The carbon sources 
tested were the pentoses xylose and ribose, the 
hexoses galactose and mannose, the disaccharides 
cellobiose, maltose and eee and the polysaccharide 
cellulose. These were incorporated into the basal 
medium containing 0.5% asparagine (w/v) at a level 
equivalent to 1% glucose. Each series of 15 repli- 
cates/carbon source was incubated at 26°C . Carbon 
utilization was evaluated on the basis of. daily 
radial growth (mm) and on visual evaluation of 
colony vigor. Pieces of the mycelium were removed, 
put on slides and stained with 1% aqueous §f-phloxine 
for microscopic examination. Records were kept of 
the presence of mela types and of structures which 


developed on the different carbon sources. 


b. Nitrogen Utilization 


Nitrogen utilization experiments were .car- 


—— 
etepe 


Bee 
- rad ¢ a) ot bed an tbe . 

* Ly b Pra wt * | 
OG ee a ee ey 7 7 
i‘ ] i 


loo \ ge hee rede ate its 0 


“yy 


- 3 ss wa isa »% 7 a 7 rr 
yy | tp 0 ict tp ay thon E nasi basa: 


Ww i t [z Aon ui LSet be 


tain habhart A sieve 
\ Serpe) 

L 2: Pa hp my oe 

x C10 wt wie 


oditert ns il boo 


7]. ‘ tee Ae i 
’ ; , ° ‘ a : i 7 7 
it Us ey stk’ SiR Cie, See Rriumextanicdst 2 


Lae PRONE stew evett une 

ee mi 

(ew) alee sae nel: pat ka be Hg ens gi 

 ekiwes BY 2m bedi coe or 

i ae tipl f 
1 aes peat. ge, bats sea hn eevee: ¥ 


12 . vite toratved saz neo boda = wns el 


hae ; ei DT 
’ '") r c 
A ge zo nolcériave fs ert to ‘oa ‘Na iia . tat if 
. Lo aoe © ; f io is | 
vy a : 7) a trary 4 say 7s yt le poet ‘ihe a ey onbutt > “7 Te opie me 10 c 
| i - 
i” _ yea: "1 ha at he | 
wa a i af _ a TiN . is 74 SJ Mid 19K eincd won) tay a bas s ob Hs oe : + ie 
: 1S ™ _ — 7 a ae Bo 


tin dugack onsen ehacis “ snus o olgoprotsin "ko 


ea te nt ees” 
a er ee mayer fs Mniteya Me ‘SOneeesa* 

i \ ) : a : i i. i i - : ; ‘ > 

aii : th ord no egos 


= 

i 
a 
bse 


7 done 


69 


ried out using solidified basal medium with 1% 
glucose (w/v). A medium containing 0.5% asparagine 
served aS a positive control while a medium contain- 
ing glucose and no nitrogen served as a negative 
control. The inorganic nitrogen sources tested 

were KNO3 and (NH4) 7504. The organic sources tested 
were the amino acids glycine, L(+)-lysine, DL-aspartic 
acid, N-dimethyl amino succinic acid, L-glutamic 
acid and L-cysteine, and urea. All nitrogen com- 
pounds were added to the basal medium with glucose 
at a level equivalent to the nitrogén in 2 9g of 
asparagine’ (424 mg/fiter). Each’ series of 15 repli-— 
cates was incubated at 26°C . Nitrogen utilization 
was evaluated in the same manner as carbon utiliza-~ 


EON 


4. Basidiocarp Induction in the Artificial 


Environment 


Since basidiocarp development did not 
proceed beyond a very early primordium on arteriercoral 
medium, experiments were carried out on natural wood 
substrate under laboratory conditions. 

Blocks of decayed poplar, sound: poplar and 


sound birch wood, 5mm x 5mm x 5mm, were placed in 
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10.0 x 8.0 cm culture dishes me inequart, canning 
jars lined on the bottom with absorbent cotton. 
These were autoclaved at 15 lbs pressure for one 
hour on 3 consecutive days. Half the blocks were 
then aseptically transferred to culture dishes 
containing Blakeslee's malt agar. Inoculum was 
placed in a hole previously drilled in the block 
which was then plugged with. a piece of sterile 

cork or the inoculum was placed directly on the 

agan medium.on which the block was. resting. ..The 
cultures were incubated in the dark at 26°C until 
the blocks were covered with a mycelial mat. The 
cultures were then divided into 3 groups. Group I 
renained in the. incubatons(dark,. 269C),... Group, tt 
was placed on a shelf by a window and received bright 
diffuse light. Group III wood blocks were removed 
from the culture vessels and placed in a large 
covered tank on a bed of moist, sterile peat. The 
humidity was varied by spraying a fine mist of 
water with an aspirator flask attached to an air 
jet. Substrate moisture was altered by adding 
water to the peat or letting it dry out. The blocks 
received light measured at 80 foot-candles during 
the day and were subjected to the ambient temperature 


of the laboratory. 


] v 
am ." aR ay i | 
‘ 
‘I 
) fis Let) 
Pn - tes : Toas Fig * ‘a PS, . 
om eas ta an Pens _ . 
a> oa y's i 
- j it 4c Seve ‘podue o78W 
{ é - - i le é 
: a : 
| . eveb eweie 288 109 f. m0 i. 
bexte tenes vilaatsee ER 
we. = tem vole oleptala vale. 
Ah! bk =e 
me, is 
' : i ‘a. 2 On. & 
i Soupulg, cee 
; S97 ~ 
ih ] 
fuoont aft 
‘ . i i . e 
Sha stmt oe dotdw oo mul 
. a Lae fy a 74 oY att 
* 
' re bX a iw vo 7A 
4 ‘ 
, } 
ee a 9 " 
5 ptt bebints oon? @ 
| ~ as 
hm i ‘ £ 
> RY e \ i >. Asad) ee tort ha q 
< ‘ > { a 7 
i) ; < a : ae , 
wa ny fened ¢ _ wt ry 24% bare be) sba lw a ya: shy atte j 
ines deed Alice » F2T oh 
i! : as 3 io , 4 { Lea hoaw auf i gag 
Pg y | : me 
tS eta pane te bis 2 Lees 


r’ 7 : 
Wed om - any ; 
iii { Sree ‘pu pkort 5 ‘ic: 2764 aha SF 4 ha itn a2 be ad Bb, L a be e 
: hs ii at ; ¥ : 5 Raa : Vy | Al ®. 
wh wa . to cade: en is tonne yd ook peered: 
F ’ ' ; 


Y : 
ra ; 4 
“ : a3 3 kw ~ y 


Bok Tit | ) 


4 By tar al: ih rs 


Aus old) ene 


om 
‘ae cst satan Ob 
‘aan ve se pat 


MF ‘abe bos 
7 di - 


- 


: - ae o 
, y Mes aa ae _ 
Ma " en rains notin 


a rie tae 


fan 


The method of Tamblyn and DaCosta (1958) 
was also used to induce basidiocarp development. 
Wide mouth glass hate 11 mm x 5 mm diameter, 
were filled with poplar sawdust containing 5% Badcock's 
accelerator medium (w/w) (Badcock, 1941) and 1703 
moisture content. The mixture was tightly packed 
and the bottles were covered with small jars and 
autoclaved at 15 lbs pressure for 1 hour. The medium 
was inoculated with mycelial plugs placed on the 
sawdust surface. Additional sterile medium was 
packed on top of the inoculum, the jars were replaced 
and the cultures were incubated at 26°C in total 
darkness. After the vegetative mycelium was growing 
throughout the sawdust medium, a water-saturated, 
sterilized poplar or birch block was fitted over the 
bottle mouth. Two wells, 4 cm in diameter x 1 cm 
deep, were drilled on opposing faces of the block 
Brion to-soaking and Ssterilizetion. One fitted 
snugly over the bottle mouth and was secured with 
molten paraffin. The blocks were covered with 
sterile polyethylene sheeting to prevent desiccation. 
After the vegetative mycelium became established 
over the block surface, the plastic sheeting was 
removed and the entire apparatus was transferred 


to a large sterile tank containing 2 cm of water in 
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the bottom and supplied with constantly changing 
air. The well on the top of the wood block was 
kept filled with sterile distilled water and the 
water level at the bottom of the tank was kept 
E0nstant. 

Sections of artificially and naturally 
infected logs were placed in tanks and subjected 
to variations in atmospheric humidity in the labora- 
OLY.) 20Und 6 inch “sections of poplar dogs, 5-6 
inches in diameter, were inoculated and placed in 
the chambers used for wood block cultures described 
above. Naturally infected logs, 6-12 inches: long, 
were placed in trays in a fume hood and subjected 
to the same conditions as the artificially infected 
logs. 

The experiments utilizing natural substrates 
were carried out to determine under which artificial 
environment basidiocarp development in Polyporus 
adustus would occur. These data were compared to 


those compiled in field studies. 


at 


chee \alsianats 
wed 7 ie 46! — 
ait (Bate apes hott iveeb”é 
+itoral sal git Yo mor. 
¥if 5 uid et a3 preven aitelaed S 
SB eably gaealnres Shenae ed ae ne +5 
ssixibelsad| aul) a2 ‘etiam 4 
Get SOT 2H Lang te gio ioae: mel ee 
ti; hops le hee petatugodl exe 
bediun wen, aorbry bee” dodld teow ie 
pater aetioad sisa ‘yao fsa 

. ‘heen bie bas Bob it ce a 
ini dati ‘etnies siege 
ee) | le 


eats etre tech une ano 


te$n te Pe: jerks 
auvogysats at 


hs 


Results and Observations 
ria The Natural Environment 
ii General Observations 


During the first season after the logs 
were inoculated with P. adustus, the vegetative 
mycelium grew sparsely through the tracheids and 
vessels of the wood. Examination of the wood sectors 
showed that hyphae had grown to a maximum of 5.0 cm 
im either direction from the point. of inoculation 
or a total of 10.0 cm through the tracheary elements 
Ora 30.5 cm (1 foot) tog. “Although vhyphal growth 
was equivalent in most of the logs eee at the 
3 experimental sites, it was generally greater in 
those at Site II. In all logs examined, hyphal 
growth was proceeding as described earlier, l.e., 
"one or two hyphae grow (ing) in a sinuous manner 
through the lumen of a tracheid or vessel. Branches 
from these grew transversely through the tracheary 
elements, either through the pit membrances or 
directly through the cell wall which is broken 


down by exogenous enzymes produced by the hyphae". 
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Basidiocarps developed on the naturally infected 
jogs. These were abundant at Site III and moderate 
at Site II, but few developed at Site I. Only 
vegetative growth occurred in the artificially 
infected logs during the first season they were 
DUT Out. 

Periodic observations were made at Site 
III during the next year (the other sites had been 
disturbed and all the Weis HORN to determine 
to what extent growth would Seng in these artifici- 
ally infected logs. When the site was checked on 
August 1, after approximately 2 weeks of considerable 
Faineails, numerous basidiocarps had developed and 
more primordia were forming. Both button and in- 
determinate primordia had formed and gave rise to 
typical effused-reflexed and imbricate basidiocarps 
(Figures 24, 25, 26, page 75). The wood was examined 
and was found to show signs of incipient decay only. 
No aggregations of myceliumiwere present to give the 
mottled appearance of advanced decay. Microscopic 
examination showed the hyphae ec orne through the 
lumen of the tracheids and occasionally in vessels. 
This growth was very similar to that observed the 
previous year and, in addition, ners was considerably 


more branching with a number of hyphae growing trans- 
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Figure 24. 


FigunenZ5. 


Figure 26. 


Basidiocarps on artificially infected 


logs at Site III. Development occurred 


15> months. after anocularvon. CX0)3) 


Effused-reflexed basidiocarp on artifici- 
ally infected log. Note pigmented central 
region and white margin. The yellow patch 
at the lower right is the plasticine used 
to seal the hole into which the inoculum 


vial was inserted. (x0. 8) 


Small, imbricate basidiocarp on the end of 


an artificially infected log. (X0.8) 
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versely through numerous adjacent tracheid walls 

across the wood section. An unidentified imperfect 
fungus was observed growing through the parenchyma, 
but the hyphae of P. adustus was not found in these 


cells. 


Die The Influence of Environmental Parameters on 


Growth and Development 


ie Temperature and Relative Humidity 

The average weekly temperature ranges 
recorded at: Sites 1, Ll and TLL and that. recorded 
at the Edmonton Industrial Airport are given in 
Figure 2/ PYrimordiavappeared (Litst at Site 101 
and were fully mature within) 7 days. The average 
maximum temperature at this site remained around 
20°C for a month prior to hyphal emergence. oe 
dia appeared at Sites I and II 10 days after primor- 
dia first “formed ion logs at Site Til. ) The central, 
surface became pigmented within 48 hours and pores 
formed within 72 hours. The temperatures at these 
sites showed a greater fluctuation than occurred at 
Site III and covered a wider ‘degree range. The 
average weekly maximum and minimum relative humidty 


readings are shown in Figure 28. At all sites, 


: ! 
7 
7 , . nee 
r Ae i] ae Ba 7 My. ; 
a5 a a es if ran 
t hie ‘ a re Te af 
' i a  » ‘View fond ivy 7 Ciel af 
‘, i i 
: i] ri ig 6 : : 
AR Je i) * Wo 7 
~~) A 
oe: Fs 4 cia as 3 De Ss YAS 


Ms 7 7 ’ ' . , . [ | | 7 aha : 
a se ars ors 28 
hat ‘ Te § ie? am 'n D ind iy. A 4m > a en 


te 
{ f 
Th) ai . - ' 
i ’ . 4 
i : 6 i | 
i) / : H 


1 severe sald mpg wd iontwor bevinaarl 


ete 
i 


. yloen 
T te 
cae 2 


we 
wo? 


! i 7 
= " a s : 

i) Tish ep ys Y aw sudyeubs “ IO obit oi " 
<1 ' ; ~ a j ; 10 Ly 
' i | if 

ee 
; . 
’ _ » 
<2, 
A . ! =i 5 | 
/ : 
' ft 
e) d 
ola 
Pome 
¥ 
\ ee wis 
A ’ 
tat vidoow hater ) ot es 


; : dina Hell i wh 
rw i Va: ; { d ‘ 
mr ny ~ wes iek > ik Ti bres rT 74 vasa: per ‘Bets re 
: wii ns a ae es Ye 7 


ni ren a: 7 3 


| 
xpi 
7 


aigey i ~ loan b ie £ cli ¢ . Te is aa fisaniih 
tien ti sevte ayah tL tt. ban t vost 3 et SE 
"4 i ' ; i rh , | Pal : spe : 


vk a Seana ait tok oot Ey wel tae mIGt Seat i = esi 


Aes eu Pee Thal 
geyeq bas- esol OF pip w born mute aa 
7 als 7 7 \ ry _ em : ines - i : 7 . | 
oF nua os 2 eI ie | 1 attOd 5 rise 
sh, aR | , a 
OT. ig 1 i fad ey K ed 
ie Gerkemso mutt 


77 


Figure 27. Comparison of the weekly mean temperature 
range of the mMicrohabitats andy the macnwos 


habitat. 
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Figure 28. Comparison of the weekly mean relative 
humidity range of the microhabitats and 


the mean humidity of the macrohabitat. 
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whenever the relative humidity of the microhabitat 
remained high for a prolonged period of time, primor- 
diva RLoxMied naTheslogs;, at site III were, subjected fo 
conditions of higher relative humidity than those 

at the other sites and the largest and greatest 
number of basidiocarps developed at this site. 
Conditions of high relative humidity during the 

first week of July preceded hyphal emergence and 
primordium formation at all three sites. Observa- 
tions of basidiocarp seve Samant On) aLevervorawly 
infected logs the following season gave further 
eredencesto the shigeslen that a prolonged period 

of humidity induced, or at least enhanced, the 
processes leading to morphogenesis. Basidiocarps 
fee at Site III after a rainy period during 

the second half of cathe During this period in 

the first season, Site I showed the greatest fluctua- 
tion in humidity, 73-100%, compared to 82-100% and 
98-100% for Sites II and III respectively. Pigment 
production by the hyphae of the undifferentiated 

mat did not occur while the humidity remained above 
80S). htAt Gite sE1 i jy 2ehoursike lapsed beforeythe 
humidity dropped sufficiently for cessation of 

hyphal growth over the wood surface and for promenta= 


tion to develop. While the humidity remained close 
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to saturation the hyphal mat continued to spread 

over the wood surface resulting in relatively large 
primordia compared to those at Sites I and II. 
Clusters of small imbricate basidiocarps developed 
from these "indeterminate" primordia within 72-96 
hours after pigmentation occurred. The logs at 

Site II were subjected to relatively drier conditions 
than eras Ae Site IIT and hyphae began to emerge 
from the wood after a 10 day interim following the 
end of the period of high humidity. Cessation of 
linear growth and the production of pigment occurred 
48-72 hours after emergence. Mature, small, pileate 
basidiocarps developed within a week after the hyphae 
first appeared. A similar situation was found at 
Site I but only two small button primordia formed 
onva log wat thei bottom of uthe Log. pile —s.Pignenta= 
tion was produced within 24 hours and small, indivi- 
dual, pileate basidiocarps developed. It should be 
noted that only at Site III did the relative humidity 
of the microhabitat always remain higher than the 
average mean readings taken in the macrohabitat. 

The humidity at the more exposed Sites I and II was 
more closely correlated with the average mean humid- 
ity recorded in the macrohabitat. This discussion 


of morphogenesis in relation to relative humidity 
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data refers only to the first appearance of primordia 
and their subsequent development into basidiocarps. 
New. basidiocarp development continued during the 
Stidy) perlod mainly at, Sutes 21l and Tit. AteSitter st 
only three other small stunted clusters of imbricate 
Beeanocarps formed and these were on two protected 


logs at the bottom of the pile. 


Db. Rainfall 

The actual, rainfall occurring in each of 
the microhabitats is shown in Figure 29% a) thewdate 
are presented for each day of measurable precipita- 
tion. Formation of new primordia and continued 
growth of basidiocarps already resent occurred 
either at the time of (in the case of Site III), 
or several days following (Sites I and II) a major 


rainfall. 


oe Substrate Moisture Content 
The average moisture content of the wood 
substratum at each site is given in Figure 30. The 
data show a general tendency toward decreasing mois- 
ture in the logs as the season progressed. Only 
at Site I is there a good correlation between a 


substantially rainy period (August 2-9) and increased 
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Figure 29., The total rainfall at each microhabitat. 
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Figure 30. Therméan percent moumsture contenu Oiartee 


wood substratum at each microhabitat. 
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moisture content of the logs. The data does seem 

to imply that the logs will pick up moisture either 
from the soil on which they are resting or from 
their humidity-saturated habitat rather than directly 
absorbing rain water. A comparison of Figures 28, 
29, and 30 shows. that there is a closer correlation 
between the relative humidity of the microhabitat 
and substrate moisture content than there is between 
rainfall and moisture content. Under these field 
conditions it was not possible to correlate substra- 
te moisture content and the quantity of vegetative 


growth. 


d. Light 

The continuously recorded data from Sites 
I and II were broken down into measurements of the 
average weekly mean light intensity. Data for 
Site III are based on the mean light meter readings 
taken morning and afternoon at 2-day intervals. 
Mean weekly light intensity data are given in Figure 
31. The light reaching the exposed logs at Site I 
was of greater intensity than that reaching Sites II 
and ITI and partially accounts for the hotter and 
drier microclimate. The light reaching the logs 


at the cool, damp microhabitat of Site III was of 


he ipo 


| " peeun satel eid pitt most de! 
i ae | perth enna fiw our trig iw ean) 9 


sib eah beh sods Yaltes ed hap yee 2. He 
O06 aired? be aotistpando A eatew, alex pat | 
| no tha ernaon sekollg a ek apis, jes ‘avore oe a a 
ae iether arte to vs iim bv iseton, 289 aoe 

reeset at -eveekt: gecks Inet Nm oruioa heat, onan yack 
Riot? ean xis anelnoe sai ebon bre pia 


i 


wuseies s3m ares, a pidiseog JOR Pry +s 


withieyey ‘he \ aed tre eta) ici peor isis 


ay : ’ ce 


' 


Pte dtodd ete neha Eso ree a 


old) la. etree pid eas tie prod qatered axew 


4 


yoX adhe aii ihutal breast 


a 


oh 


u ae hi ni i; a 
aN eT eee ts 
Vi ne! 

Ora 


rr | 
ty 


. 
t Wy 


es 
| a 
"i re vee 


85 


PUGUEC. alt. ‘The weekly mean light intensity at each 


microhabitat. 
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considerably lower intensity than that at the other 

Sites. The light conditions @t Site It fell. between 
the extremes of Sites I and III but the average 

mean intensities were closer to those at Site I. 

It should be noted that all light data are quantita- 


tive and do not take qualitative aspects into account. 
Be The Cultural Environment 
es Temperature and Vegetative Growth 


Measurements of the mean daily radial 
growth of Polyporus adustus on malt and on glucose 
asparagine basal media at selected temperatures 

are presented in Figure 32. Growth was generally 
better on the basal medium with the exception of 
cultures incubated at 26°C . Growth was approximately 
the same on both media at this temperature and was 


also similar at 30°C . Incubation at 26-30°C resulted 


in the maximum rate of vegetative growth under the 
cultural conditions used in this experiment with 

the 8.5 cm plates being covered in 6 eee Although 
there was some measurable growth at37°C, it did not 
occur until 10 days after inoculation and was very 


erratic. The high incubation temperature caused 
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Figure 32. The effect of temperature on the growth 


of the vegetative mycelium in culture. 
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partial desiccation of the media and this was 
accompanied by the production of a brown pigment 

in the cytoplasm of the inoculum hyphae which dif- 
fused into the medium. Immediately following pigment 
production traces of hyphal growth were recorded. 
This pigmentation appeared similar to that produced 
by the hyphal tips of a developing basidiocarp 
undersadverse. conditions,» resulting injpileus) zona- 
tion (see page 43). 

The optimum temperature range for growth 
of the vegetativermycelium in culture did not occur 
often in the natural environment. A temperature 
ef 26.Cadid.occureateSiteselwandylieaty thes time 
primordia first formed. The temperature at Site III 
rarely rose above 20°C, the maximum being 23°C 
recorded once during the entire study period. Numer- 
ous primordia formed at this site when the maximum 


recorded temperature was 17°C . 
Je Substrate Composition and the Vegetative Mycelium 


Cultures of Polyporus adustus grown on 
various artificial media showed some variation in 
morphology as well as differences in growth rate. 


The morphology of the vegetative mycelium was first 
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studied using cultures grown on Blakeslee's malt 
agar.) Theses culturess serveds as) a \istandard against 
which all others were compared. 

As mentioned previously, observations 
of monospore isolates and their pairings showed 
considerable variation in cultural characters. 
All cultures consisted mainly of branched, flexuous, 
Ssample-septate, hyphae: averaging: 3.2 u in diameter, 
with granular, vacuolate cytoplasm. Two other types 
of hyphae were observed; unbranched, simple-septate 
hyphae with a uniform diameter (2.1 ae and broad, 
aseptate hyphae, 5-7 u in diameter. The proportion 
of these hyphal types differed among the isolates. 
There was also variation in the production of oidia 
and chlamydospores, few to many being produced in 
the different isolates. When compatible monospore 
isolates were paired, the flexuous hyphae and those 
ofeuniform aienctes developed clamp connections. 
Oidia, formed by hyphal fragmentation, occurred in 
varying numbers in different pairings. Chlamydo- 
spore formation was markedly suppressed, and they 
didtnotideveioptintadil diploidyecuttures:)) Differences 
were also observed in the surface morphology of the 
mat (growth rate, density, color). 


The following studies were concerned with 
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the dikaryotic mycelium, grown from polyspore inocu- 
lum, which exhibited a stable morphology and developed 
all hyphal types and asexual structures observed in 
monospore isolates and pairings when grown on Blake- 
@ cers Malt agar. 

New vegetative colonies were composed of 
Ee nOUs ; profusely branched hyphae with clamp 
connections and an average diameter of 2.3 1 (Figure 
33, page 91). These hyphae gave rise to. two other 
types of hyphae. The most. abundant type was an 
unbranched hypha of uniform diamter with clamp 
Connections; and a diameter of 1..3-2.2(3.0) u (Figure 
34, page 91). The second type were wide (4.2-8.4 
(10.15) u) simple-septate Hyphae which arose at 
clamp connections of the flexuous hyphae (Figure 35, 
page 91). These hyphae gradually increased in 
diameter as they grew from the clamp from which 
they originated. A clamp connection occasionally 
formed on these hyphae. Other hyphae were found in 
some older cultures which were of slightly narrower 
diameter, averaging 5.0 u, with widely spaced clamps 
(150-200 yw apart) from which branches may grow. As 
these hyphae aged they became vacuolate and developed 
thickened, pigmented walls (Figure 36, page 91). 


They closely resemble the pigmented tramal hyphae of 
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Figure 33. Branched, clamped, flexuous hypha. This 
type comprises the greater part of the 
vegetative mycelium and gives rise to 


other hyphal types in culture. (X1280) 


Figure 34. Unbranched, clamped hypha of uniform 


diameter. (X629.8) 


Figure 35. Wide hypha arising from clamp of branched, 


flexuous hypha. (X511) 


Figure 36. Broad, aseptate hypha with slightly -thicken— 


ed, pigmented walls. (xX629.8) 
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the basidiocarp, differing only in their somewhat 
larger diameter. Broad, aseptate hyphae also were 
found but these appeared to be a degenerate form 
of the clamped or simple-septate hyphae. The wide, 
clamped hyphae contained oblong crystals in @therr 
granular cytoplasm. These crystals were also found 
in the medium on which aging cultures were growing. 
Two types of asexual spores are produced, 
Oidia and chlamydospores. Chlamydospores were 
observed infrequently (although they were abundant 
in some monokaryotic cultures) and developed only 
on malt extract and maltose media after 7-10 days 
incubation (Table I). They were either terminal 
or intercalary and formed on the flexuous, branched, 
ened hyphae .(Figune.3/7, page 93). Oidia were 
formed by hyphal fragmentation in all cultures 
throughout the growth period. All hyphal types 
were observed undergoing this process in which the 
cytoplasm became vacuolate and broke up into discrete 
aggregations along the length of a hypha. This was 
generally followed by formation of simple septa and 
fragmentation. Infrequently, the breaking up of the 
cytoplasm was followed by constriction along the 
hypha between the cytoplasmic aggregations, after 


which septa formation and fragmentation occurred. 
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Figure 37. Terminal chlamydospore on branched, 


flexuous hypha. (X1280) 


Figure 38. Hypha fragmenting during oidia formation. 
Arrow points to one of numerous septa 
akong—the length of the hypha. #Notestna: 
no constriction has occurred at the septa. 
Resulting oidia will be rectangular. 


(X511) 


Figure 39. \ Short, chain vof oldia\ (eo). “Arrow pemiee 
to constriction which occurs before 
septation. Oval oidia (beneath arrow 
shalt), sate: Cacaaly eee a ursnen from 
rectangular oidia seen in Figure. 38. 


(X1008) 


Figure 42. Abnormal development of hyphae on solidi- 
fied glucose-lysine basal synthetic medi- 
um. Note bulbous swellings and simple 


septa. (X511) 
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The resulting spores were round to oval in shape. 
PWOLder “LO Mini Mizemthe contusion in “describing 
which type of oidia formed in the different cultures, 
they will be distinguished as "oidia" and "oidia (o)". 
It was decided to use the term oidia since it is 
commonly used in cultural descriptions. However, 
according to Alexopoulos (1962), spores forming 
by hyphal fragmentation are arthrospores. This is 
the common process of asexual spore formation in 
P. adustus, but these "arthrospores" will be termed 
oidia for the sake of consistancy. The rounded 
spores, while not conforming to the definition of 
oidia given by Alexopoulos, at. least resemble them 
morphologically, and these spores will be termed 
Oidia (0) to indicate their oidial appearance. 
Rogie of oidia (o) has been observed only in 
the hyphae of uniform diameter, but these more 
frequently form oidia in the same manner as other 
hyphae. The square to rectangular oidia (some of 
which have clamps attached) are easily distinguished 
from the round to oval oidia (0) in Figures 38, 39, 
page 93. 

Infrequently, hyphae were observed which 


produced large numbers of very short branches which 


grew tc no more than 10-20 »p. These resembled the 
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binding hyphae described by Corner (1932a) which 
occur in some basidiocarps. Hyphal strands (see 
Butler, 1957) also occurred frequently in cultures 
growing on the media indicated in Tables I and II. 
The hyphae produced a brown pigment to a greater or 
lesser degree in most media which resulted in the 


colonies appearing sordid to brown in color. 


aa Carbon. Utidi gation 

The data presented in Figure 40 show that 
the vegetative mycelium of P. adustus grows exceeding- 
ly well on a medium containing the hexose mannose 
as the sole carbon source. The other pentoses, 
hexoses and disaccharides used in these studies 
supported approximately equivalent growth with the 
exception of sucrose, on which the total mycelial 
mass was visibly sparse compared to the other cultures, 
especially toward the colony periphery. Cellobiose 
was also an excellent carbon source, and, while 
the growth rate was slightly less on this medium 
than on glucose (which served as a positive control), 
it supported greater hyphal differentiation. These 
data are summarized in Table I. It should be noted 
that chlamydospores were produced only by vegetative 


mycelium utilizing maltose. Hyphae resembling binding 
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Figure 40...  The»eftfiects of ‘carbon source oniqrowen 


of the vegetative mycelium. 
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Table iss The effect of carbon source on colony 
morphology, hyphal development and 
asexual spore formation in the vegetative 


mycelium. 


++++: extremely abundant 
+++: WebunGanc 
++: moderate 


+: few (2-5 observed/slide) 


Carbon 
Source 


Glucose 
(+ control) 


No Carbon 
(- control) 
Xylose 
Ribose 


Galactose 


Mannose 


Sucrose 


Cellobiose 


Cellulose 


General Colony Description 


Dense, floccose mycelium covers plates in 
6 days. Becomes matted and develops 
brown pigmentation. 


Sparse, floccose mycelium covers plates 
in 8 days. Colony remains!) extremely, 
sparse toward periphery. Light brown 
pigmentation develops. 


Moderate-dense, floccose mycelium covers 
plates in 8 days. Light brown pigmenta- 
tion develops after only 4 days. 


Light, floccose mycelium covers plates in 
8 days. Colonies become sordid but no 
brown pigmentation develops. 


Light, floccose mycelium covers plates in 
8 days. 
light brown pigmentation. 


Extremely dense, floccose mycelium covers 
plates in 4-5 days. Colonies become 
felted and develop brown pigmentation. 
Buff exudate diffuses into medium. 


Light, floccose mycelium covers plates in 
8 days. Remains sparse at periphery. 
Colonies become sordid and pigmented at 
interface between light and sparse growth. 


Light, floccose mycelium covers plates in 
8 days; sparse at periphery. Colonies 
become sordid and develop discrete areas 
of brown pigment. 


Dense, floccose mycelium covers plates in 
8 days. 
Brown pigmentation develops over entire 
colony. 


Sparse-light, floccose mycelium covers 
plates in 8 days. Colonies become felted- 
tufted and remain white in color. 


Colonies become felted and develop 


Colonies become felted and sordid. 


Branched, 
Flexuous, 
Clamped 


+++ 


++ 


+++ 


+++ 


++ 


+++ 


++ 


++ 


ee 


++ 


Hyphal Types 


Unbranched, 


(Gal d Wide 
of halt to em Simplé- Asexual 
Diameter Septate Spores Other Characters 
+ + Oidia: araP Wide, aseptate hyphae with 
thickened walls 
++ ar Oidia: ++ Collapsed, wide, aseptate 
Oidia(o): + hyphae with thickened walls. 
a = Oidia: ++ Hyphae with numerous short 
branches. Wide aseptate hyphae 
with thickened walls. Crystals. 
are + Oidia: ++++ Wide, aseptate hyphae with 
thickened walls. Strands. 
++ + Oidia: +++ Wide, clamped hyphae with 
thickened walls. Crystals 
++ + Oidia: ++ Wide, clamped hyphae with 
thickened walls. 
++ + Oidia: +++ Wide, aseptate hyphae with 
thickened walls. 
++ + Oidia: ++ Wide, aseptate hyphae with 
Chlamydo- thickened walls. Hyphae with 
spores: ate numerous short branches. 
Siecamads, Gicsyeiealle« 
cial oP Oidia: +++ Wide, clamped hyphae with 
thickened walls (clamps 150- 
POO jh yee) Strands. x 
rar = Oidia: +++ Wide, clamped hyphae with 


thickened walls. Strands. 


Crystals. 
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hyphae developed on media containing maltose and 
on that containing the pentose xylose. Oidia (o) 
were observed forming from hyphae supplied with 


NO Garbon source. 


b: Nitrogen Utilization 

A summary of quantitative and qualitative 
Povow cl!) of the vegetative mycelium utilizing various 
nitrogen SOunceS isigiven in Pigure 41. ‘The eftects 
of nitrogen on growth are much more marked than 
EnGee of carbon, The *organicrnitrogen sources, 
Meee and asSparagine,, are We1lized readily byek. 
adustus. inorganic nitrate {(KNO3) supported light 
egrowth. A severe drop in pH (5.5-2.5) occurred 
when ammonium served as the nitrogen source resulting 
in complete inhibition of growth. Numerous amino 
acids were tested in liquid Henningsson's B and basal 
synthetic media. On the basis of mycelial growth 
achieved by P. adustus on media with various amino 
acids certain ones were chosen for these experiments. 
P, adustus grew very well on glycine, which proved 
to Support growth eguivalent to that a asparagine. 
Cultures grown on aspartic acid asin showed a 
10 day period of inhibition after which growth was 


excellent. This is considered to be inhibition 
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Figure 41. The effects of nitrogen source on’ growElh 


of the vegetative mycelium. 
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Tab le: (iis. the “effect of nitrogen source onvcolcny 
morphology, hyphal development and asexual 


spore formation in the vegetative mycelium. 


++++: extremely abundant 
+++3; abundant 
++: moderate 


+; few (2-5 observed/slide) 


Nitrogen 
Source 


Asparagine 
(+ control) 


No Nitrogen 
(- control) 


KNO 3 


(NH, ) 950, 


Glycine 


L(+)-Lysine 


DL-Aspartic 
Acid 


N-dimethyl 
aminosuccin- 
ic Acid 


L-Glutamic 
Acid 


L-Cysteine 


Urea 


General Colony Description 


Dense, floccose mycelium covers plates in 
6 days. At first white and floccose, be- 
coming sordid and then developing dark 
brown pigmentation. 


Very sparse mycelium covers plates in 7 
days. Remains matted-tufted and white. 


Light, matted mycelium covers plates in 
7 days. No pigmentation develops. 


At first, moderate-dense floccose mycel- 
ium grows rapidly. After 4 days growth 

slows and terminal hyphae show dendritic 
growth. pH drops from 5.5-2.5 and com- 

plaka immiblelom Oceues after OY GdaySo 


Dense, floccose mycelium covers plates in 
6 days. Colonies become matted-tufted. 
Light brown pigmentation develops at 
periphery. 


Light, matted mycelium covers plates in 
9 days. Colonies remain white, with only 
an occasional discrete pigmented area. 


Growth inhibited at first; inhibition over- 
come after 10 days incubation and plate 

is then covered in 14 days. Extremely 
dense mycelium develops brown pigmenta-— 
tion. 


Light, floccose mycelium covers plates in 
12 days. Becomes matted tufted. No 
pigmentation develops. 


Dense, floccose mycelium grows at very 
slow rate. Colonies become sordid but 
without dark pigmentation. Brown exudate 
diffuses throughout agar medium. 

No growth. Complete inhibition. 

Dense, floccose mycelium covers plates in 


6 days. Becomes tufted and develops light 
brown pigmentation. 


Branched, 
Flexuous, 
Clamped 


+++ 


++ 


++ 


++ 


++ 


++ 


++ 


++ 


++ 


++ 


yphal Types 


nbranched, 


Clamped, Wide, 

f Uniform Simple- Asexual 
Diameter Septate Spores 
+ ap Oidia: ++ 
ar = Oidia: ++ 
+ + Oidia: +++ 

= = Oidia: + 
Oidia(o): ++ 

+ + Oaldita tte 

++ = Oidia: + 
Oidia(o): + 

+ + Oidia: ++ 

++ = Oidia: ++ 

+ - Oidia: rar 
Oidia(o): ++ 

+ ++ Oidia: ++ 


Osidi a (@)) 8 ae 


Other Characters 


Hyphae at colony periphery are 
swollen and bulbous. Strands. 


Wide, clamped hyphae with 
thickened walls. Strands. 


Bulbous swellings on hyphae in 
pigmented areas of colony. 
Strands. 


Strands. 


Wide, aseptate hyphae with 
thickened walls. 
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rather than a lag phase because a comparison with 

the negative control shows that the vegetative mycel- 
ium will grow to some extent when no nitrogen source 

is added to the medium. No inhibition occurs in 
emitLunes Lown OnwsSUuCci nice acid, which 1S, chemicad ly 
'Yelated to aspartic acid. Daily growth is more rapid but 
the total mass of mycelium is less. A very dramatic 
example. of inhibition'as seen in cultures utilizing 
eysteine as a nitrogen source. (There 1s ~absolucely. 

no growth, even on the inoculum plug. 

The morphology of the vegetative mycelium 
of P. adustus is summarized in Table II. Hyphal 
differentiation was less pronounced than on media 
with various carbon sources, but there was abnormal 
hyphal development on certain nitrogen sources. 
Notable in this respect were (NH,z) 9SOq4 and lysine. 
The hyphae growing on these media developed bulbous 
swellings in some regions of the colonies (Figure 
42, page 93). these same colonies also formed 


rounded oidia (0) in addition to typical oidia. 


Bye Basidiocarp, Induction, ine the Artcizivcray 


Environment 


All cultures of Polyporus adustus grown on 
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birch and aspen wood blocks showed excellent vegeta- 
tive growth. But no basidiocarps developed on 
cultures jinoubated pat 26°C vin fthe dark !(Groupyl) or 
enose: placed.an diffused teunligh Oe (Group tid) eeRudi— 
mentary, dimpled, Gnpigmented primordia formed in 
some cultures after 6 months but they never developed 
beyond! this, stageiwn Theiwood biiock culturesmof 

Group ity scsubjected tto: Towelught cintensity, and 
periodic drying, developed mature, resupinate basidio- 
carps within 14 days after being placed in the large 
covered tanks. These basidiocarps were not large 

and remained entirely resupinate, but were structur- 
ally normal and produced viable spores. 

The cultures of P. adustus grown following 
the Tamblyn-DaCosta method formed only the rudimentary 
primordia which were observed in other wood block 
cultures. When several of these apparatuses were 
removed from their saturated environment and placed 
in the tanks used for the Group III cultures discussed 
in the preceding paragraph, small basidiocarps 
developed. Pigmentation developed only after the 
cultures were removed from a saturated environment 
and placed in one with variable humidity. 

Resupinate basidiocarps developed on both 


artificially and naturally infected logs which were 
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subjected to Variatitonsein atmospheric humidity. 
Basidiocarps formed on the sound, artificially 
infected logs within 14 days after the humidity 

in the tanks was allowed to drop below saturation. 
The wood showed little evidence of hyphal penetra- 
tion, but the surface where it was inoculated was 
covered with a dense mycelial mat. All primordia 
which formed were of the indeterminate type. No 
discrete button primordia formed in culture. The 
basidiocarps which developed on the naturally 
infected logs were of considerably larger size and 
there was no development of an undifferentiated 
vegetative mycelium over the wood surface other 
than the normal hyphal growth which precedes primor- 


dium formation. 


in ma ah - is i 
; yy Heo) My, = f . 
| i i A iY Me ‘ , + 
ae es : + 
i OB ae Te - ) 
DL t i iu fle ole Le 
: Wi an ints ‘ 
f rf ( MF ie is Tee witht XM Hi SEL : 
ese i RO e ne en eae i 
; ry Bo io ays i ee 


at) 1 ignit iliac ake 
cl moma Basing wthd) net 
cabal ) mes De ene: oF aul 
00. Ferneae weifod qoub oo pour! e : es 
~s tianedg Le dens) Ao snashive <n 
Bow dodod womnt Qa 9] atund sootawe' ba! da s 
i brombad {uh ‘ail neat onqa’ i ante § 

ov: stv atigribottodetat ail’ Qa- asin ban ex at 
af? eae at Aeaeros pilrromtng: sai 8: ot 
Aca ot al bag Leno Hobe a S 
bitaianill neat eta bn ee Te 
pode haibeneibag ns %o svomotarob on 


Cee) 
4 anise? enehiwe Suyew a tava, ‘rar. 4 


20m a) eobeosig Habits Aan) as 


i ane 


104 


DISCUSSION 


"In seeking a suitable basis on which to 
examine the relationship of environment and form, 
the use of many promising criteria has been ruled 
out by lack of adequate information, especially of 
ODservVacions, On the: fungi in their natural habitats. 
This statement made by Austwick (1968) points out 
the lack of information compiled on the development 
of basidiomycetes under natural conditions. The 
studies encouraged by Austwick have potential applica- 
tions in many areas of scientific research and have 
a very real application in formulating a natural 
classification of the Polyporaceae. Several years 
Garltiér owe (1963), discussing the’ classification 
of the polypores, stated that "exact morphological 
knowledge of species is the key to present success". 
Exact morphological knowledge can only be obtained 
by detailed study of all stages of growth from the 
vegetative phase to the production of spores by 
a mature basidiocarp. Extensive studies of indivi- 
dual species result in compilation of data that 
will not necessarily be useful in identification of 


specimens. Yet, such work on large numbers of species 
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is the only basis on which generalizations can be 
made for Lie Generar, malo wean ly.» This study 
has been concerned with elucidating the stages of 
growth and development of Polyporus adustus, and 
determining the influence of the environment on 
Pxece processes. “i ibelveve Chat the results from 
these investigations have provided a more compre- 
hensive description of the developmental morphology 
Ofethis fungus than has been presented’ previously. 
The use of artificially infected logs 
has proven to be a valuable technique for controlled 
studies of growth and development in the natural 
environment. This method shows great promise for 
studies of the natural development of wood-decay 
fungi from the earliest stages of infection. With 
some general knowledge of their environmental re- 
quirements, even exotic species can be studied by 
simulating conditions in controlled environment 
chambers. The real value of this method lies in the 
fact that a fungus can be grown in its natural micro- 
habitat, eliminating the problems of substrate 
composition, humidity, aeration, etc., inherent neg 


the cultural environment. 
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A. Development of Polyporus adustus in the Natural 


Environment 


The studies of growth and development of 
the vegetative mycelium in the natural environment 
have revealed that P, adustus grows rapidly through 
Phew racheary elements, Of Sound, wood.) During), Obser= 
vations of artificially infected logs over two 
growing seasons, this growth was found to be sparse, 
with little apparent breakdown of cell walls. No 
aggregations of hyphae developed in the vessels or 
tracheids and decay was only in the incipient stage 
when basidiocarps first developed on the wood surface. 
Formation Of basidiocarps before the’ wood is severely 
decayed and subsequent development over a period 
of years, discounts the hypothesis that starvation 
is mecessary for fruiting in P.-aduestus and perhaps 
Pihe Majority of species. The rapid =2cte of Vvegera= 
tive growth has been noted by von Schrenk CHO D7 s 
but he stated that the sapwood of a large log of red 
gum was completely destroyed within a year if the 
logs were permitted to lie in the woods or along 
stream banks. Decay did not occur to this extent 
in the aspen logs used in this study. It is possible 


that the vegetative mycelium derives its qUen ase Lemos’ 
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from the carbon and nitrogen compounds and eaer 
nutwbients which are found in a free state in the 
wood and not bound up in the cell walls. As these 
nutrient sources are used up, P. adustus may produce 
exogenous enzymes to break down the cell wall material. 
The utilization of carbon and nitrogen sources will 
be discussed later. 

The vegetative mycelium, observed in 
wood sections from both artificially and naturally 
infected logs and from the collections made during 
this study, was invariably dikaryotic. Zycha and 
Knopf (1966) reported the isolation of numerous mono- 
KkKaryvotic. colonies, but there are no reports of 
P. adustus developing haploid basidiocarps in nature. 
Leonard and Dick (1968) induced haploid basidiocarp 
formation in cultures of Sehtzophyllum commune, 
using cell-free extracts of "Fruiting-inducing 
substance (FIS)" from the mycelium of S. commune 
and Hormodendrum cladosportoides. FIS has been 
found in a number of fungi. Leonard and Raper (1969) 
found that induced haploid fruiting in S. commune 
is controlled by a single gene, fist, which appears 
to segregate independently of the incompatibility 
factors. The probability of hormonal regulation 


of fruiting in P. adustus cannot be overlooked, and 
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this is an area of research that would merit further 
study.” However, until’ contrary information is’ found, 
it will be assumed that, in nature, dikaryotization 
is a necessary stage preceding basidiocarp formation 
in the’ bite ‘cycle of PP. adusetue. 

The vegetative mycelium remains undiffer- 
entiated while growing in the wood substratum. 
This lack of hyphal modification makes the vegeta- 
tive stage unsatisfactory for taxonomic descriptions 
since the mycelium of many basidiomycetes resembles 
that of P. adustus. It has been argued by some 
investigators that the hyphae which grow in the 
wood do have characteristic features and that one 
only has to prepare better sections and study them 
more closely. My observations of P. adustus gave 
no evidence ‘to support this supposition. The mycel- 
ium retained the same hyphal characteristics from 
the time it first started growing through the wood 
to stages of advanced decay. The only observable 
changes were an increase in the numbers of hyphae 
in a cell and the aggregations of hyphae which gave 
the wood its mottled appearance. It is concluded 
that vegetative stages cannot be described fully 
when growing in wood substrate, as Chesters (1968) 


has stated, "not because it lacks characteristic 
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features, but because these are difficult to display 
and to observe". Only under optimal growth conditions 
in culture can these hyphae fully express their 
genotypic potential. The constant, reliable char- 
acters of the vegetative mycelium under strictly 
defined conditions, are valid criteria for taxonomic 


descriptions: 


Two distinct forms of primordial develop- 
ment occur, the discrete button and indeterminate 
mat. tine, great, range oL* size’ variation is* ine 1lu- 
enced by the relative humidity at the time of hyphal 
emergence.=© Thetntluence of this factor will be 
discussed later. The type of primordium which 
develops, its orientation, and the topography of the 
surface on which it forms determine the ultimate 
physiognomy of the mature basidiocarp. A button 
primordium forming on the smooth vertical surface 
S& thescotlendsof+aelog wilt deveter into an imbri- 
Gate basidiocarp with approximately 1-3 pilei.° The 
same primordium developing in a furrow of the bark 
on thessidesor amMogiwi hl be *resupinace or efrused— 
reflexed because the hyphae forming the dissepi- 
ments will be able to grow in a positively geotropic 


manner without first forming a pileus. A large 
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indeterminate primordium which forms on the side 

of “a¥ smooth-surface” log will exhibit’ all) forms) of 
development. The part of the primordium on the 
underside of the log will remain resupinate, that 

on the side will develop imbricate pilei, the region 
in between enone vertically and horizontally oriented 
surfaces will have a daedaloid pore surface and 
develop into an effused-reflexed structure. These 
are the most predictable developmental patterns 

fore this, fungus, but other variations vare® found 
depending on the factors mentioned above and also 


on climatic changes. 


Until the time of basidiocarp development, 
there is no discernible hyphal organization in this 
fungus. Definite organization does occur in the 
basidiocarp, but there is no modification resulting 
in skeletal and binding hyphae. Corner (1953) has 
classified P. adustus as monomitic because of this 
lack of hyphal modification. If only hyphal anatomy 
is considered, the basidiocarps of species such as 
Polyporus sulphureus and Polysttetus (Polyporus) 
verstcolor appear strikingly differentiated and 
complex compared with P. adustus. However, observa- 


tions of numerous basidiocarps of P. adustus at 
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different stages of development have shown them 

to be more complex than described by Corner. Pileate 
basidiocarps consist of two hyphal systems: one 

in which hyphal strands grow in parallel alignment, 
and a second of individual interwoven hyphae. Both 
systems develop in the pileate portion of effused- 
reflexed basidiocarps. Resupinate forms show no 
evidence of strand development, and are morpholog- 
ically similar to the base region of the pileus, 
i.e., the hyphae are in parallel alignment but not 
NoLouped, 1ntor strands.  The™anatomical “studies of 

the different basidrocarp types indicate that iotmand 
formation is a structural modification which serves 
the same purpose as skeletal hyphae. The second 
system of interwoven hyphae holds the hyphal strands 
togetner to form the dense, compacted context. 
Although two systems are found in mature, pileate 
basidiocarps, three systems are actually involved 

in development. The generative hyphae form the 
primordium and give rise to the system of strands, 
which then grow out from the wood surface in hori- 
zontal orientation. These strands lead the growth 
of the basidiocarp and maintain its shape. These 
same generative hyphae give rise to the system of 


interwoven, or felted, hyphae which enmesh the strands. 


LL 


Corner (1932) nec caida ‘that “all ithe 
bhvpheec of the fruit body are identical. in manner 
of growth and branching, so that they must be called 
monomLtic.. tn the @ight of this statement, at 
Conmonly be yconcluded, that Ps. e@dustus does not fall 
into this monomitic group. Rather, three hyphal 
systems are present which function in the same way 
SceLNoOse Ol Erimitic Destdiocaros.. in thescase, oF 
Poe ooo LOLOCarp. OF stats eiunouc,, at least 1 elie fe a 
ences between monomitic, dimitic- and trimitic can 
be considered to be only structural, concerned with 
cell wall thickness and persistence of septa in the 
hyphae. 

Hymencphore development 1s similar ingall 
basidiocarp types. The constant features of this 
region, in particular the pigmentation of the walls 
Ofvthe hyohae of the transition zone end the erama, 
help distinguish P. adustus from the closely related 
species, Polyporus fumosus. This fungus is generally 
larger than P. adustus, but there 1S 'a considerable 
eee in the size range. Unforeunacely) no fresh 
specimens of P. fumosus were available so that only 
herbarium material was studied. In this dried 
state, the basidiocarp construction of both species 


wag so similar as to be indistinguishable. However, 
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the tramal hyphae of P. fumosus do not develop 
pigmented walls. This pigmentation occurs only 
in the transition zone between context and hymeno- 
plore’. “"fhe*grayrsh ‘color’ of! the’ pore? strface*isc 
due to the pigmentation of the transition zone 
which is visible at the top of each tube. Bruising 
results in pigmentation of tramal hyphae, but the 
pigment never develops in all the tramal hyphae as 
Berdoes? Tit -Pitadus tue 

Until the development of the basidiocarp 
of P. fumosus is studied, we must rely on distinc- 
tive, constant characters of the mature basidiocarp 
such as tramal hypha pigmentation, to distinguish 
these two species. Descriptions of mature basidio- 
Garps. "Cannot be_discarded*since™this is the stage 
at which these fungi are generally collected and 
at which they consequently must be identified. 
Furthermore, this is the stage to which the name 
of the taxon is attached. Whatever the shortcomings 
of ‘Overholts", key of the Polyporacéae, it cannot 
be denied that it is very pragmatic in its approach 
and is workable for distinctive species. However, 
studies of developmental morphology must be carried 
out on individual species in order to devise a 


natural classification of these fungi and to formulate 
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aesystemiwhich permits (distinctions to be made 
between closely related species, «Lt issonlycby 
intensive studies of individuals that generaliza- 
tions can be made for the different species and 
genera. This method of study necessitates the 
collection of fresh specimens atvvarious stages 

of development. Fresh specimens should be empha- 
sized because the use of herbarium material can 
leads toserronious conclusions. “Corner (1950) and 
Lowe (1963) have pointed out the problems of working 
with dried material. All hyphae are not retained; 
thin-walled hyphae have a tendency to disappear 
during drying. The thin-walled hyphae making up 
the context of PP. aduatus and similarly constructed 
species may not persist and studies of herbarium 
material will give a false picture of development 
and ultimate basidiocarp construction. 

Obvious difficulties are involved in 
carrying out developmental studies as advocated 
Hene.e uFinst, otherewistthelprobiem of finding*suztic- 
tient material to study within a reasonable distance 
from the laboratory. Another problem is finding 
a particular fungus in a substratum that does not 
contain other fungi which may be antagonistic and 


thus affect the normal development of the species 
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being studied. These difficulties can be overcome 

Zo. Logsvare) artificrvally inoculated using the techni- 
que described in this thesis, and are set out ina 
micrcohabitat: resembling that®in» which’ the fungus is 
usually found growing. Using this technique, the 
late. cycle offwood-decay fungi can’ be studirede irom 
the earliest stages of vegetative growth through 


to the development of mature basidiocarps. 


Be Influence of the Microhabitat on Growth and 
Development 
ee The Natural Environment 


It has been stated that the vegetative 
hyphae of P. adustus remain unmodified when growing 
in the natural environment. Whether this is due 
to conditions with respect to available nutrients, 
aeration, moisture, light, structure of the substrate 
(the surface on which the hyphae grow differ markedly 
from the surface of agar medium), or competition with 
other organisms is not known. Investigators have 
shown that any one or a combination of these factors 


may influence growth and differentiation of hyphae. 
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Temperature studies carried out under cul- 
tural conditions revealed that optimal growth’ of 
Bey vegetativelmycelium of P.sadustuseoceurs between 
26 and 30°C . But this temperature range did not 
eccursim thet natural environment atySitel _ Liiy where 
the: largest and the greatest number of basidiocarps 
developed. According to Henningsson (1967a), the 
"temperature for optimal radial growth [of P. adustus] 
seemed to be somewhat higher than that for optimal 
decay activity". The range for optimal radial 
growth (25-30°C) found by Henningsson, is in agree- 
ment with the findings of this study. He found opti- 
matlidetaylactivitystotoccurhat 20°CS. Thesmaximum 
temperature at Site III, where basidiocarp develop- 
ment was greatest, was around 20°CeS Bue examination 
of the vegetative mycelium in abel tically @ingected 
logs during the first growing season indicated that 
vegetative growth through the wood was most rapid 
in logs at Site II, where the temperature was gen- 
erally higher. If one can equate the penetration 
by hyphae through wood cells with decay activity), 
fhen it would seemithat, at sleastoin the natural 
environment, no clear cut statement can be made 
relating the factor of temperature to radial growth, 


decay activity and morphogenesis. Hawker (1966) states 
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that "temperature has a profound effect...on repro- 
duction...largely as a result ,of its effect on the 
Many complex chemical and physical processes invol- 
ved in vegetative growth". She indicates that an 
ticreacevin jlemperature ‘should favor trudting, 


which is not the case with P. adustus. 


The correlation between moisture content 
of the logs, and vegetative growth and decay activity 
was not very striking. Vegetative growth generally 
pEoOceceded sala cfaster (rate Tnitke logseatvoi te wily, 
which were usually found to have a higher moisture 
Gontent thanslogs.at the other sites. | However, 
even at ieee tre sites the moisture content 
depended upon whether a log was protected at the 
bottom sof aypile sor vexposed, at (che stop. aihese 
comparative field studies indicate that vegetative 
growth increased with an increase in substrate 
moisture content, although growth occurred in all 
logs to a greater or lesser extent. Henningsson 
(1967c) has shown that P. adustus exhibits. greatest 
decay activity when the moisture content of aspen 
is 80%, although he found that this process continues 
over a wide moisture range (35-160%). I have found 


that vigorous growth takes place at a moisture con- 
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tent as high as 170%. Henningsson remarks that 

the influence of substrate moisture content on 

adeécay” activity 1s not sufficiently known, the diffi- 
CulLty=or such” studies being that fungi, by there 

Own metabolic processes, alter the original moisture 


content. 


Because of scanty and contradictory informa- 
tion we do not understand the effects of substrate 
moisture content or temperature on growth and develop- 
ment, tke we do know that relative humidity pro- 
foundly influences hyphal emergence and primordium 
formation. If hyphae emerge from the wood into an 
environment in which the humidity falls below 80%, 
growth ceases soon after emergence, the protective 
gray pigment develops and the resulting button 
primordium will eG to differentiate within 24 
hours after it first appeared. Under conditions 
of high humidity (above 80%) an indeterminate pri- 
mordium forms over a large area of the wood surface. 
The pigment which always develops in the walls of 
the surface hyphae composing the central region of 
the primordium, and a the walls Of che tilans._tion 
zone and tramal hyphae, is first produced when the 


emergent hyphae are subjected to a drop in atmospheric 
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humidity. Smith (1966) suggests that pigmentation 
of cell walls protects the exposed hyphae against 
desiccation. The pigmentation of the hymenophore 
may be eneieeed with spore production. It has 
been found that the hymenium of P. adustus is very 
sensitive to drying conditions. The pigmented 
walls of the tramal hyphae might function in main- 
eannangenorsture) levels ine the tramaly) tissue and 
basidia so that sporulation can occur over a wider 
range of humidity condtions. 

The humidity also affects the developing 
pelets.© dfedry condtions occur’ for a-shontepermlod 
Gf time! the®apical-celic® of the hyphae ceaserto 
grow and become pigmented, then lateral branches 
develop behind these terminal cells. Zonation 
of the pileus, which is occasionally seen, is the 
result of cessation of growth of the terminal cells, 
pigmentation, and renewed growth by the formation 
of lateral branches. When desiccation occurs for a 
prolonged period the basidiocarp dies. 

Under cultural conditons, desiccation 
also resulted in cytoplasmic pigmentation, followed 
by development of lateral branches which seemed 
able to crow (although at a very slow rate) under 


conditions which had previously inhibited growth. 
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bi eus possible that mild desiccation causes accelera- 
GUOneOS,. Of de pohitwein, eae: narmal metabolic pachway 
LO scompensave for whe Changing external envionment. 
The pigment which accumulates may be a byproduct 

of these processes. Desiccation of apical hyphae 
has also been shown to stimulate the translocation 
Of langer «Cuamti pies OF nutrients (lo tne sapex 

Pep nisett,) 1956) sa process which, can wesiiisin 
increased metabolism and accumulation of byproducts. 
MiLnough theyprocesses related to pigmenlarionnor 
desiccated hyphae have not been determined, it seems 
safe to assume that this is a protective mechanism 
which prevents water loss from bacidiocarp any phace 
ana Stimulates forivation, of Teteral branches, cer 
sulting in continued growth. When Pueadus cy GCany 
bestnaduced LO ru tendes SulLti ciently controled 
conditions, more may be learned about this pigmenta- 
tion phenomenon. 

Differentiation into mature basidiocarps 
arenes more rapidly under dry conditions, although 
the resulting structures are considerably smaller 
than basidiocarps forming under conditions of optimal 
humidity. The more rapid development is likely 
due to an increased nutrient supply to the apical 


hyphae under conditions of rapid transpiration, 


i~ 


vi 
! ‘ 
i Bi a 
I ) ae 7 
f 2 
i on 
a 
: A 
ey | 
a — 7 
U & t 
itt i ot 
HEAT, wig 4 
ts ad 
~f 
i 4 y 
ag ; 
- a 4 
“Hg =, a 
ve 
Py y > 
| 
‘ - 
la ,* 
a “ 
7; cl “ 
4, i 
OMAR bP 
A Mh» J tb es = 
; : = 7 ae 
2 a. 7 ees bl) 20: noisayior e436! 
iy y j ‘ - hae y 4 a ‘aes es 
i aa ae oP 
the DARN fie es wo wre DEES h ; fr ; 
: t : : : pane Le - 
: : 3 ‘i 
fu aFrcee of PE t 
Loves iin negeckes stbae Be Shu? Ome 
J 7 ne 7 
; i i oe ke pe.’ 
Pee oe ee 
j a ee ee Pa ‘e 
Ais phi r i " 2. ) #1 ie ee 
oa yah Yan 
Pte aoe 
y i * 
Vive 
"4 afi a. nae 
1 a 
mE SO hes 
‘ i, 
ve 
whe 
, ae 
Ses ty a ss 4 
y Sees 
i ; ak 
vs f; Q 7 
ly ti i ny 


HAT 


which result in an increase in metabolic rate 
celunkett, 1956). This ability to mature rapidly 

in a potentially hostile environment is important 

co thersurvival of P. aduetus. Spores from these 
basidiocarps are rapidly discharged under dry condi- 
tions. These spores are dispersed to other suitable 
substrata in which the vegetative mycelium can grow 
even if the atmospheric humidity is below the level 


at which basidiocarp development can occur. 


Low light intensities were found to favor 
primordium growth and basidiocarp development. 
Basidiocarps developed more readily when subjected 
to average intensities of approximately 40-100 foot- 
Gandles. The effect of light, as determined by 
tis ctrictly comparative study, is belveved co ,ve 
Peleved to humidity, varlations tatier tian to the 
control of fruiting by a photochemical response on 
fie part Of PF. maduerus As, the ligne intenss by 
increased, the humidity at each site decreased, 
resulting in limitations to the extent of primordial 
formation and to cessation of pileus development. 

As was mentioned earlier, no attempt was made to 
formulate an action spectrum for morphogenesis. 


This aspect of light studies was not investigated 
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fom stwo.reasonss: the: first was the fact, that 
basidiocarps could not be induced to form readily 

in culture under controlled conditions; the second 
reason was véquipment, limitations. ..Since the light 
Becorders. used sin tthisasbudy, uta lized silicon ‘cel is 
Whechpare Wsensi tive, onlv 20 visible light, the rer 
sults obtained do not represent the full spectrum. 
Further, it has been reported by Freyman (1968) 

that aspen and conifer tree canopies absorb differ- 
ent spectra and consequently the light reaching the 
"GLound willadiifer in spectral distribution... sie 
effect of the spruce-aspen canopy at Site III and the 
aspen Canopyawat Sites.Lsand LE on jthe slight at 
ground level cannot be determined. Although quali- 
es light studies may yield some information 
about eS eae responses in P. adustus, light 

hs not a. critical factor in basidiocarp development. 
Plunkett (1956) suggested that there is an inter- 
action of light and humidity which influences develop- 
ment. Basidiocarps actually developed under eA 
ous and coniferous canopies and they were induced 

in the laboratory under conditions of low light 
intensity (80 foot-candles). More important is the 
fact that, regardless of the intensity (within the 


limits noted in these experiments), basidiocarp 
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development did not occur beyond a rudimentary, 
pigmented primordium, when the relative humidity 
was Maintained above 803%. 

From these studies it can be concluded 
that there is an interaction of environmental factors, 
and when a specific set of conditions is achieved 
by this interaction, basidiocarp. development takes 
place. Relative humidity is the most critical 
factor involved, but the humidity is altered by 
changes in temperature, by drying effects of light 


and by sainrall. 


There is considerable plasticity of form 
in P. adustus basidiocarps and dissepiments will 
form wherever the irregular surface of a log or 
stump allows positively geotropic growth to occur. 
On the underside of logs, overhanging ends of irregu- 
larly broken logs, or on the underside of furrowned 
bark, dissepiments will form without the development 
Gf a pileus.. On imbricate andteitused-ret texed 
basidiocarps, nee develop on resupinate areas 
which show the slightest downward-oblique orientation 
with level ground. This response results in some 
regions of the pore surface developing a daedaloid 


appearance. A smooth, even pore surface develops 
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only when a pileus or resupinate basidiocarp is hori- 
zontally oriented. The form of development allows 
the hymenophore to form without extensive development 
of other basidiocarp regions. This adaptation per- 
Mites production of large numbers of Spores during: a 
Short period of times The products of metabolism 

ana Che energy ‘produced by these wrocesses are nor 
expended in development of extensive, highly modi- 
fied basidiocarps, but rather are channeled into 

the sporulation process before adverse environmental 
conditions occur which cause the death of the basidio- 
carp. 

The deve lopment of the system of one 
Wseessential for pileus formation.) these paraltel 
aggregations of Byenee develop in an approximately 
perpendicular orientation to the primordium or 
resupinate cedion of a basidiocarp. ()Thesarea in 
which strand formation, and consequently pileus 
development, occurs is most likely an area in which 
dissepiments are not able to develop. It follows 
that the strong tropic responses of the strands 
and the dissepiments play a role in limiting pileus 
formation to regions of the basidiocarp on which 
tubes cannot form. It is reasonable to assume that 
a minimal degree of hyphal modification and basidio- 


carp plasticity are an advantage to a fungus which 
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develops rapidly during a relatively brief period 
of favorable environmental conditions. Furthermore, 
the precise conditions required for development 
VEStr Vet. P.’ ade cus total Wamited Number ‘of habitats 


which are shaded and damp. 
an The Cultural Environment 


Species identification using the vegetative 
mycelium must be carried out in culture to allow 
complete expression of hyphal features. But until 
a workable system is available for identifying wood- 
decay fungi using cultural characters’, study’ of ‘the 
mycelium in culture must always be accompanied by 
study of basidiocarps on the wood surface if they 
are available. The approach used by Nobles is an 
indispensable framework for identification of wood- 
decay fungi, but this study has shown that the use 
of one medium can limit the expression of hyphal 
characters. More extensive studies along the lines 
of those carried out for PR. aduetus will be necessary 
before Nobles' system is really workable. In her 
classification, Nobles'»has not used features 
associated with hyphal differentiation, an aspect 


of the vegetative mycelium that offers great promise 
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in taxonomic studies. A study of the expression 
of hyphal characters on various media was done 
on a limited scale by Long and Harsch (19258) Vasu 
this method has been neglected by more recent in- 
vVesCigators an thesinterests™or rormulatingmaesgen= 
eral classification system in which a standard 
medium is used. If the vegetative mycelium is to 
be used for the purposes of been cre. en Orn Gaxo> 
nomy, the development of hyphal types or "systems" 
(i.e., such as strand formation), and asexual spore 
formation, must be carefully investigated for each 
species in the genus. With the information availa- 
ble, a key based! on hyphal characters of the vegeta 
tive mycelium is not workable. 

Studies of the mycelium of P. adustus 
indicate that hyphal dirtfrerentiation occurs, to a 
greater degree than has been reported previously. 
The branched, clamped, flexuous hyphae which develop 
from the inoculum give rise to the unbranched, 
clamped hyphae of uniform diameter and the broad, 
simple-septate hyphae. These three hyphal types, 
and formation of oidia are constant features of the 
aemerusesrem grown on Blakeslee's malt agar or glucose- 
asparagine basal synthetic agar. Stns Cubiht Ono. 


equivalent amounts of different carbon and nitrogen 
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SOUrceSs affects the Pate Of Growth and the total 


mass of mycelium produced. 


Carbon utilization experiments have shown 
Mannose to be an excellent source for vegetative 
growth, followed by glucose, cellobiose and xylose. 
Moderate vegetative growth occurred on the medium 
containing maltose, but this disaccharide allowed 
moOnveater hyphal differentiation than any of ‘the 
other carbon sources. Bille-Hansen (1953) found 
that three species of Coprinus grew well and fruited 
on maltose, compared to fruiting by only one species 
on glucose and sucrose. Maltose permitted zygospore 
production in Phycomyces blakesleeanus (Hawker, 1957). 
Possibly, the utilization of maltose by &. "adustus 
results in the formation of substances that cause 
hyphal di pPferentiatilon.s et Ls OUD pEUL iat wens 
Sligar occurs wn nature (“ally and Barnette, o> lie shiec 
substances which induce hyphal differentiation in 
nature may be different from those active in culture. 
It is not known whether there is the requirement for a 
specific substance, available both in maltose and a 


naturally-occurring compound, which in involved in hormonal 
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regulation of differentiation. Although we have 
yet to determine processes involved, there is no 
doubt that the carbon and nitrogen sources available 
to P. adustus influence growth and hyphal develop- 
ment. 

Cellulose did not support good growth and 
differentiation in P. adustus, probably due to the 
trmabibity) ofthis, fungus to produce §-gly.cosidases 
in sufficient quantity to break down the cellulose 
BniuOoMced LObDLOSe Units. '= The utilization: of cel lo-— 
biose by). Pailadwetue may toccur iin nature when cel lu- 
lose is degraded by bacteria or other fungi coloni- 
Zing the wood substratum. 

Thevability Of thistfungustoruti lize 
xylose, whose condensation product, xylans, may 
constitute up to 25% of the woody tissue (Meyer 
and Anderson, 1.952)), *and cellobiose, which occurs 
after cellulose is hydrolyzed in the wood, gives 
P. adustus an advantage over other fungi which are 
not able to utilize these carbon sources. The 
ability to use free sugars might permit P. adustus 
to become established in wood cells before decay 
activity actually occurs. Galactose and mannose, 
both utilized by this fungus, occur free in the 


cytoplasm of many plants, but inesmald amounts i ahe 
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use of free sugars would partially account for the 
fact that P. adustus grows rapidly through wood 

and produces basidiocarps within 15 months of infec- 
tion, while causing only limited decay. Basidio- 
carp formation, with only slight penetration of 

the wood substratum was also observed in the labora- 
tory. It may be only after the free sugars are 
exhausted that this fungus actively breaks down 


the xylose and lignin incorporated in the cell wall. 


Nitrogen utilization studies revealed 
that P. adustus grew very well when supplied with 
asparagine, urea or glycine. Growth occurred when 
different amino acids were incorporated in the media, 
with the exception of cysteine. Complete inhibition 
occurred in the presence of cysteine. Whether this 
is a form of competative inhibition, as occurs in 
Neurospora crassa (Nicholas, 1965) or feed-back 
inhibition which suppresses methionine synthesis, 
is unknown. Merrill and Cowling (1966) found “aspartic 
acia, giutamic acid, glycine’ and lysine tq,occur in 
aspen wood as free amino acids. Although aspartic 
acid inhibited growth for 10 days, this inhibition 
was EO Bie and this amino acid supported excellent 


growth, although at a slower rate than with lysine 
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or glycine. The inhibiting effect of Ammonium 
sulfate on growth was due to a severe dropr vine pi. 
Henningsson (1967a) suggests that this is caused 

by "the unilateral uptake of cations and the exuda- 
tion of organic acids". Nitrate supported sparse 
vegetative growth. Henningsson found that P. adustus 
and Libertella betulina were the only fungi commonly 
occurring Le aspen and birch that utilized nitrate 
asspehejsole, source Of nitrogen...) Zhe ability to 
utilize nitrates is of questionable value since, 
normally, silane rapidly reduce the nitrogen to 
other forms. These studies have shown that P. 
adustus can utilize a wide range of nitrogen sources 


foyelesthergulvaher cali gentle: lee tharayil Moublols; evans a byitle 


These Siler sources of carbon and 
nitrogen which can, be utidized, by, P. adustus,atfect 
the relative numbers of each hyphal type occurring 
in a mycelium, as well as the degree of oidia forma- 
tion. Furthermore, only certain sources result in 
development of structures such as oidia (o) and 
chlamydospores. These structures can be induced 
to form by growing the vegetative mycelium on speci- 
fic, medias. /Once, theuhyphaly charactersyexpressed 


by a species on various media are determined, the 
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development of specific structures can be regulated. 
This type of study shows promise in classification 
and taxonomy of wood-decay fungi. Similar cultural 
studies of the vegetative mycelium of related species 
Should be carried out in order to determine relation- 
ships between these species based on the vegetative 
Stage. tt Will) then be -possible=to™stare Which 
features of the vegetative mycelium provide reliable 


criteria for species identification. 


Under cultural Conditions, the vegetative 
hyphae of P. adustus show a greater degree of modifica- 
tion than the hyphae of the basidiocarp. Perhaps 
hyphal modification is suppressed in this fungus 
growing in the natural environment in favor of 
rapid growth and development. 

I*helieve that’ £Lurthes "studies" of the 
morphology of the Polyporaceae ie ston that the 
species can be divided into two major groups on the 
basis of the pattern of development. In one group, 
which would include, for example, Gloeophyllum 
saeparium and species of Fomes, the basidiocarps 
develop slowly over several growing seasons, pro- 
ducing modified hyphae which protect the actively 


growing hyphae from adverse environmental conditions. 


4 a A 
+ { 
baell gr df me la ofaftoag 
i = apts 
‘ P= c 4 a ; A " 
», { ‘-. | 7 ae) ‘boc 
rer 2A 4 ee 
s Th. *~ 
| 3 F - ~ ) P 
j 
ihe ~~ ’ % 2 
®, 
Lia me pa ad : i; 
/ a 
a , uv as a 
. A, ee e-) pae 
EOL 6 sre0l 28 igege = #03 aad 
. et : 
oe 
{ A 
e , 4 a 
srisssepav era ,anolykbaos toa seh © oe 
16 sex0eb tedaoie & wole aueeathoy 1 16 * asi dt 
bs ' = 
‘ < i ‘ 
a's "4 a4 Le < ae, é ef a RFs ‘ to 5, fle nal ©! oe ne sity Old 
ur Ky) ‘eye iit yf ¢ 4 re] e rn rr tpeynh a 3 i’ " mae nol bo a ‘ a 
t 


‘wit nd aqeoty > id Sol one ‘ait ‘be bIVvEb: a nee 


| i. oan 
i. ‘wont yagea N ee voit ate sree 


| , pa 
‘ye cove 41 DRemiacottvna te ren ond, ak pal ena 


SG 


7 an 
oe} yatengin Oks va Brim Asean wiser 
“i+ Ao sebhoee’ rattiv? sits ods eu z - add 
| : paren 


[ 


3 


hos uy We / 
aes sand Wig: 3 Dew wR VD roguro’ ng 


a me 


a 


3 = 5 head) wa eX 
rn 1g nt yea isan ater a To nad 089 7 7 
i ‘ a ne } aT fii 8 5 ar > 


‘ol vi frown pepe: ; : 
QaVSEs seve yin 
ip -_ sul >be | . 


a1 Soy a7, os 


pts oh my % 


ne 


a 
uG ‘fe 


Us 7 


In the other group, which would include Polyporus 
adustus, P. fumosus and P. pargamenus, growth is 
rapid and the hyphae do not undergo extensive modifi- 
cation. Hyphal modification is suppressed in favor 
of production of large numbers of basidiocarps 

Under wiavorable conditions... In both groups, of 
polypores there are characteristic hyphal systems 
based, not only on “Modificabuonsixesultingsin sketes 
tal and binding hyphae, but on the development of 
functtonal systems which develop under defined 

sets of environmental conditions and serve to adapt 


the species to the environment. 
Cy The Developmental Morphology of Polyporus adustus 


The information gained from this study 
Ganenowebenused=t6 Eormulate aypictures ofpthetdevedop, 
mental morphology of P. adustus. This picture 
includes features of the vegetative and reproductive 
stages, both of which are necessary to an under- 
standing of the development of this fungus. In 
discussing the use of morphology in taxonomic treat- 
ments of fungi, Chesters (1968) stated that criteria 
can be selected from all phases of the life cycle 


as long as they are constant and can be accurately 
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described in qualitative and quantitative terms. 
This very basic, logical frame of reference has 
been adhered to in this work. »Consequently, in 
forumulating a-description of .Pivadustus Ivnavye 


considered only constant features of the mycelium. 


The vegetative hyphae, growing in poplar 
wood, are narrow, clamped and hyaline. These hyphae 
grow through the lumen of tracheids and vessels. 
Branches grow transversely through the pit membranes 
Oredivrectly 7through the cell walls.» Hyphalyagqre= 
gations form in the vessels, and occasionally in the 
tracheids, and vessels are the first cells broken 
Gown by the sactivity of this fungus; —thenethesparen= 
oa is attacked. The fibers remain intact even 
in severely decayed wood. A compact hyphal mass 
develops under the bark, and hyphae fill the tracheary 
elements near the wood surface at sites of basidio- 
carp formation. 

The vegetative mycelium, growing on 
Blakeslee's malt or glucose-asparagine basal synthe- 
tic agar at 26°C, covers an 8.5 cm Petri dish in 
6 days and consists of three main hyphal types. 

The first to appear are branched, clamped, flexuous 


hyphae with an average diameter Clee 2 Hien Loege 
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are the most prevalent hyphae and give rise to two 
Orner less abundant types. “One “of “these is "a 
cramped. hypha of -unirrorm elameter “(i 23-252( 30) 1). 
The second is a wide (4,2-8.4 CEO eS) ie simple- 
septate hypha which arises from a clamp connection 
Of "a flexuous hypha-: As the culture ages “these 
wide hyphae lose their septa and their cytoplasm 
and collapse. After 7 days incubation, oidia form 
by fragmentation Se Si hyphal types. Chlamydo- 
Spores form in malt agar cultures and also when 
maltose is substituted in the basal synthetic medium. 
On urea-asparagine medium, oval oidia, termed oidia 
(o), develop by repeated constriction along the 
length of a hypha of uniform agentes followed by 
septation. These can be observed in short chains 
Or as individual spores in” cultures arter 7-10 "days 
incubation. 

Primordia vary greatly in size from a 
small button to an extensive mat growing over the 
wood surface. The hyphae are unorganized except 
for a general parallel orientation. In all primordia 
the central surface is dimpled and is smoky-gray 


in color. The pigment is in the slightly-thickened 


walls of the hyphae. 
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Basidiocarps are imbricate, effused-reflexed 
Or resupinate. The larger imbricate pilei are 
sessile but small, substipitate pilei form between 
the larger ones. The pileus surface is finely 
villose-tomentose to glabrous in weathered specimens, 
sordid» tevtan"in color} and cceasionally zonate:, 
It is. composed of terminal hyphae, 3.1 u in diameter, 
growing upward from’ chemconeexts Ine-contes.¢ con 
Sists of strands of clamped hyphae 2.2-3.3 u in 
hashed running in parallel orientation. A second 
system of interwoven hyphae enmesh the strands. The 
pileus base and the sterile margin consist of hyphae 
in close parallel alignment, but no strand formation 
occurs. The hyphae of the margin remain unpigmented. 
All resupinate basidiocarps and resupinate areas 
of other types show this parallel alignment without 
Strand formation. “Strand formation occurs “onty 
im pi leate structures. “A “transition zone of™=profusely— 
branched, felted hyphae (3.3-4.4 u in diameter) 
with pigmented walls, forms on the lower surface 
of the” context. These hyphae grow downward in a 
positively geotropic manner to form the dissepiments. 
The tramal hyphae have pigmented, slightly-thickened 
walls) *wildely Spaced "clamps, a diamter of “3.3=4.4 w, 


and are in close parallel alignment. The hymenium 
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develops by horizontal branching of the hyphae 

lining the tubes and appears as a palisade of single- 
celled, clavate structures. Sterigmata are evident 
only when basidiospores are present. The four 

Spores on each basidium are hyaline, sub-globose 

to oval and measure 5-6 x 3-4 u. 

The most distinctive macroscopic character- 
istic of this species is the pigmented transition 
zone and tramal tissue. This has been found to 
be a constant characteristic which distinguishes 
this species from P. fumosus, which is normally 
pigmented only in the transition zone. Tramal 
pigmentation, usually the result of bruising in 
Py. fumosus, does not eccur uniformly through the 


tissues. 


The description of the aeeearciiees is based 
on constant cultural characters on defined media 
under specific conditions used in this study. The 
basidiocarp characters are those which can be observed 
in primordia and during development in the natural 
habitat, but not in over-mature or herbarium speci- 
mens. This description is not meant to be used 
for taxonomic purposes. It is first necessary to 


carry out similar developmental studies on a wide 
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Range OL Andividuall species) such studies should 
lead to the formulation of an acceptable breakdown 
Of tniswdiverse famitysintowmaturally xelated groups, 
based on the mode of hyphal development of the 
mycelium and its adjustment to the environment. 
Hheswhole, range Of Genotypic expression Om these 
funga, must be examined along with their adjustment 
to their physical and chemical environments in 

Sree te Cou milly eee the development of the 
members of the Polyporaceae and their relationships 


with each other. 
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Procedure for staining mycelium in wood sections 


ledaptedyiromeCartwright, Ke St. G., 1929). 


J 1% aqueous safranin 
7a Rinse in distilled water 
3% Picro-anilin blue: 


Heat to simmering and stain 
4, Rinse in distilled water 
5% Dehydrate: 

50% ethanol 

70% ethanol 

853 ethanol 

95% ethanol 

100% ethanol 
Gi Clearing solution” 
7% Xylene + few drops 100% 

ethanol 


Or. Xy lene 


* Clearing solution: 
Xylene 25 ml 
Absolute ethanol 2 5 


Clove oil 50 ml 


30 


60 


10 


minutes 


minutes 


minutes 


minutes 


minute 
minute 
minute 
minute 
minute 


seconds 


minutes 


minutes 
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ARPEND IX... 
Spore Isolation Technique 


The apparatus for collecting spores con- 
sisted of a small watch glass inside a Petri dish. 
After this apparatus was autoclaved, 1 ml of sterile 
distilled water was pipetted into the watch glass. 

A ‘sporulating sectionyof, basidiocarp 
was rinsed in a 30 ug/ml streptomycin solution for 
15 seconds and was glued to the lid of the Petri 
dish with rubber cement. The lid was replaced on 
the dish after the cement dried. Spores were dis- 
charged into the watch glass, which was directly 
under the basidiocarp. The resulting spore suspen- 
sion was diluted with 9 ml of sterile aqeeiined 
water and one ml was then pipetted onto the surface 
of one-half strength Nobles' malt agar. Germinating 
spores were isolated with a chisel-edge dissecting 


needle, and incubated at 26°C, on full strength 


male agar. Pure cultures were (trans ferred = .o one— 


half strength malt agar slants and stored at ariel 


aD 
1}, 5 
' 
F i 
4 
ivy cull! owe 
NS 
5 
"7 i 
- i } / ~~) 
/ a = 
5 fst 
‘ ee /* | I i - - .c7 wf 
hahutate 
A = 
/ bey git ’ 
t ef r 4 4 ~ 
¥ rm? ¢ rf oe Th j » > aa oes 
ry ® 4 + a | ; 
e notvetoe nlownasgqeive Ce\wa OB eh | Saenkt ‘asw 
‘ q J 2 x ~ i en: 4 ; 
: sy ; vr J >. j ry: i y* oe Se i? i? 7c. ap brooda: @ 
a : gies 
tgest enw Pil eff  .dnemeo pede: 1% aanw teas 
’ 7 ss ion «* ‘ t " 
; : a 343 r ee a . rvs is > os he] tS $75 a ee 4: s 
t x md 4 : 7 
! ae PS 7 » = P : on pues : ae 


4 U , . ap bE. - re ¢ fs - * “ > i 
¥ a” [ts PALI : w Hols . ye T ra ay ons oss ‘Rag 
i - Le 


an i . 
4 ve ; 7 
a! } , : is me na ey : he “+ ‘i “ “F 7 
Tae fi 10m axoge paisiotes ait 9. aasooik btend 
; P +i! a 
y , . Pye si ieee bf , tea r oo ' *. ‘ + ) ite" _— 
a Con a MAAR SLS ei tee38 Ih Tete sis let hedie 
iy | ‘ hat ee 
j i ae a 
ql } * f poy ‘ i 
re : roy re 2 Pi 8 St ~ A ist i ) J ot bes 4) fet Cs Ww DT. | ‘ 
La 7" ’ 
| | i > “vk { f wee t . 


U4 { j f a 9 a b AR ? a abl ' (eal ve we 1 ; 

Dy aha a sii cite ies ym Pp ra “e ee a " | a3 nonge:' 
7. | AD: i va v A H i "' . 9 , ; 

Ay i an ; . ¥ uy ie 


BN irae ‘ LE RON hin ae aaa a tay ee ae vi a. 
any midsbon: cal ovh ee as be | é dy bosataitt a a 


mya 


1) ’ 


Aaya Sade BLD a ter 70 te he sedans 


| ai nat cee iB | 


io 
dh aarnstd: Ley oo“ ad 


2 


Ale ENO bel 


The Weekly Mean Range of Light Intensity (foot- 


candles) at SiteS I and II. 


STE. SiTEy Lt 
Date Minimum Maximum Minimum Maximum 

June 24-30 10 4800 10 4500 
July 1-7 10 4800 10 3400 
July 8-14 10 3600 10 2550 
Save eS 21. 10 4400 10 = 

ule 22—28 10 4300 10 - 

Oe AUG «) (al 10 4500 10 4200 
August 5-11 10 5200 10 3800 
August 12-18 10 5600 10 5280 
August 19-25 10 7000 10 6650 
Aug. 26-Sept.. 1 10 7000 10 6600 


September 2-8 10 5000 10 4200 
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APPENDIX IV 


Formulae for Media Used in Cultural Studies 


A Malt Extract Agar’ (Blakeslee, 1915) 
Dextrose 20 gm 
Peptone | 1 gm 
Malt extract 20 gm 
Agar 20 gm 
Distilled water 1000 ml 


Modification: 10 gm Oxoid. agar substituted for 


20 gm Bacto-Agar. 


Ze Malt Extract Agar, (Nobles, 1948) 


Difco Bacto malt 


extract HZ 2 Gm 
Difco Bacto-Agar 20.0 gm 
Distilled water 1000.0 ml 


Modification: (1) P0rgm Oxoid, agar substituted 
for. 20) om’ Bacto-Agar. (2) ea G 25 coms Ma it 


extract added for half-strength medium. 


oy Basal Synthetic medium (Lily and Barnett, 1951) 


KH 


2PO4 os gm 
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MgSO4*7H20 0.5 gm 
Fettt D2 gm 
antt 0.2 mg 
Mntt Oe emo 
Biotin 5.0 ug 
Thiamine O00 ug 


Distiited water 


to make 1000.0 ml 
Glucose 10.0 gm 
Asparagine 2.0 gm 


Agare (for solid 
media) 20.0 gm 
Modification 9301) \ 10gm Oxoid agar substituted 
for, 20 gm Bacto7Agar. ((2)) (Biotin was 
omitted. (3) Equivalent amounts of carbon 
and nitrogen source were substituted for 


glucose and asparagine. 


4, Medium B (Henningsson, 1967a) 
Glucose 20.0 gm 
KH9PO4 1.0 gm 
MgSO4*7H 20 0.5 gm 
Ammonium tartrate 2.5 gm 
CaGlog~2H50 0.3 gm 


NaCl 0.1 gm 
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SYS: 


ZnSO4 8.79 mg 
CuSO, 0: 393 Ing 
Fe-citrate Se mg 
H3B03 0.057 mg 
(NHq) 6MO07094 0 368emg 
MnS0O4*7H20 0.061 mg 
Thiamine-HCl 100.0 ug 
Redistilled water 

to make 1000.0 m1 

5 Badcock's Accelerator Medium (eeacecks 1941) 

Maize meal 2.5) 19m 
Bone meal IPvoy © ce 6it 
Potato eee en 0.7 >5-om 
Sucrose PAGE renin 
Malt extract 072) gm 


Add to 100 gm sawdust. 
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